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PREFACE. 



In the preparation of this Compend, no originality is claimed for its 
contents. Hoping only that, by its arrangement and brevity, it may to 
some extent fulfill the object for which it was intended — a helping hand 
to the student. 

Philadelphia, November, iSSj. 
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INTRODUCTION 

Chemistry is that science which investigates the laws governing the 
movements of the atoms and molecules of which all things, animate and 
inanimate, are composed ; and has been divided into organic and in- 
organic. The first named dealing with the carbon compounds that are or 
have been impressed with life force. The second confines itself to inani- 
mate existence. 

All substances may be divided chemically into compound and simple. 
A compound body can be separated and its constituents shown ; a simple 
one cannot. Elementary or simple bodies are 68 in number, and differ 
widely in their normal physical condition ; thus, some are gases, one is a 
liquid, but the greater number are solids. 

TABLE OF ELEMENTS. 

The following abbreviated table, taken from an excellent one by Prof. 
G. G. Groff * enables the student at a glance to ascertain the more promi- 
nent characteristics of the various elements; their symbols, combining 
weights, atomicity, specific gravity, discoverer, derivation of name, elec 
trical condition, and when a metal, its fusing point. 

L =, in the table, signifies the weight of a liter of the element, if 
gaseous, in grains. 

•"The Chemical Elements," arranged by Prof. G. G. Groff, a.m., m.d.. Professor in 
the University at Lewisburg, Penna. 

B 9 
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CHEMISTRY. 



NAME. 


• 



s 
>- 


QUANTIVALENCE 

OR 

ATOMICITY. 


SPECIFIC 
GRAVITY. 


ATOMIC 
WEIGHT. 


ii 


I Aluminum. 


Al. 


IV, (Ai);vi 


2.5 


27.5 


+ 


2 Antimony (Stib- 
ium). 

3 Arsenic. 

4 Barium. 


Sb. 
As. 
Ba. 


III, V, 
III, V. 

II. 


6.7 

f 5.8 
I gas 150 

4 


122 

75 
(L-i3.44)t 

137 


+ 


5 Bismuth. 


Bi. 


Ill, V, 


9.8 


210 


+ 


6 Boron. 


B. 


III. 


2.63 


II 




7 Bromine. 

8 Cadmium. 

9 Csesium. 


Br. 
Cd. 
Cs. 


I, ///, r, viL 
II. 
I. 


/ 3.2 
\ gas 80 
r 8.6 
I gas 56 


r 80 
I L-717 

112 


+ 
+ 


lo Calcium. 


Ca. 


II. 


1-57 


40 


+ 


II Carbon. 


C. 


II, IV. 


I G. 2.3 


12 


— 


12 Cerium. 


Ce. 


II, IV. 


6.62 


141.2 


+ 


13 Chlorine. 


CI. 


I, ///, F, VIL 


35 5 


35.5 


— 


14 Chromium. 


Cr. 


II, IV, (Crjvi 


6.8 


52.5 




15 Cobalt. 


Co. 


II,IV,(CO,)vi 


8.9 


59 


+ 


16 Columbium (or 
Niobium). 

17 Copper. 


Cb. 
Cu. 


V. 

II, (Cu)," 


8.9 


94 
634 


+ 


18 Davyium. 


Da. 


IV. 


9-39 


154 


+ 


19 Didymium. 


D. 


II. 


6.4 


147 


+ 


20 Erbium. 


E. 


II. 




1 70.5 


+ 


21 Fluorine. 


F. 


I. 


19 


19 


— 


22 Gallium. 


G. 


III. 


6 


70 




23 Gold(Aurum). 


Au. 


III. 


19.3 


196 


+ 



TABLE OF ELEMENTS. 
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DISCOVERY. 



DERIVATION. 




Fating 
Point. 



Wohler, 1828. 

B. Valentine, 1460 (?). 

Schroeder, 1694. 

{Davy, 1808 (with galvanic 
electricity). 

Agricola, 1529. 

{Davy, 1807 (with galvanic 
electricity). 

Balard, 1826. 

Stromeyer, 181 7. 

{Bunsen, i860 (by spectrum 
analysis). 
J Davy, 1008 (galvanic elec 
\ tricity). 

Ancients. 

{Berzelius, 1803. 
Hisinger, 1803. 

Scheele, 1774. 
Vanquelin, 1 797. 
Brandt, 1733. 
Hatchet, 1801. 
Ancients. 
Geo. Kem, 1877. 
Mosander, 1841, 

Mosander, 1843. 

{Not yet isolated. 
Knox, 1836. 

Boisbaudran, 1877. 
Ancients. 



Latin Alumen, 

Alum. 
Arabic, al-ithmidum. 

Greek arsenicon^ 

powerful. 
Greek, barus^ heavy, 

German, wisemat, 

Arabic, buraq. 

Greek, bromos, 

stench. 
Greek, calamine, 

zinc. 
LAtin, casius, shy- 

blue, 
Latin, calx, lime. 

"LaJQXifCarbo, charcoal. 

The planet Ceres. 

Greek, chloros, green. 

Greek, chroma, color. 

German, Kobald, bad 

spirit. 
Columbia, America, 

Latin, Cyprium, 

Cyprus. 
Sir. H. Davy. 

Greek, didumos, 

twins. 
Swedish town, 

Ytterby. 
Latin,^«^, to flow 



Gaul, France. 
Anglo-Saxon, gol. 



metal. 

metal, 
metal (?). 

metal. 

metal. 

non-metal. 

liquid 

(non-metal) 

metal. 

metal. 

metal, 
non-metal. 

metal, 
gas. 

metal. 

metal. 

metal. 

metal. 

metal. 

metal. 

metal, 
non-metal. 

metal. 

metal. 



425°C(?). 
450° (?). 



264* 



315* 



Infus. 



3000° -f 
1670® 

1200° 



30.1* 
1250* 
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CHEMISTRY 


• 






NAME. 


m 

ml 
flQ 


QUANTIVALENCE 

OR 


SPECIFIC 


ATOMIC 


Si 




>- 


ATOMICITY. 


GRAVITY. 


WEIGHT. 


UJ 


24 Glucinum 


Gl. 


II. 


2.15 


14 


+ 


(Beryllum). 












25 Hydrogen (or 


H. 


I. 


I 


(L-.o896gm) 


+ 


Hydrogenium). 












26 Indium. 


In. 


IL 


7.4 


"3-4 


+ 


27 Iodine. 


I. 


I. 


fgas 127 
I 4-9 


/ (I-1038) 
I 127 


— 


28 Iron (Ferrum). 


Fe. 


II,IV.(Fe,)Vi 


7.8 


56 


+ 


29 Iridium. 


Ir. 


//, IV, r/. 


21. 1 


198 


+ 


30 Lead (Plum- 


Pb. 


II, IV. 


"•3 


207 


+ 


bum). 






%^ 


ff 




31 Lanthanium. 


La. 


II. 


6.1 


139 


+ 


32 Lithium. 


Li. 


I. 


.6 


7 


+ 


33 Magnesium. 


Mg. 


II. 


1.7 


24 


+ 


34 Manganesium. 


Mn. 


II, IV, (Mnj)vi 


8 


55 


+ 


35 Mercury. 

( Hydrargum). 


Hg. 


(Hg,)«II. 


/ 13.6 
\gas 100 


/ 200 
t (L-8.96) 


+ 


36 Molybdenum. 


Mo. 


//, /P^, VI. 


8.6 


96 


— 


37 Nickel. 


Ni. 


II, /r, (Ni,')vi 


8.8 


59 


+ 


38 Nitrogen. 


N. 


/, III, V. 


H 


14 


— 


39 Osmium. 


Os. 


//, IV, VI. 


21.4 


199 


+ 


40 Oxygen. 


0. 


II. 


16 

r 2.2 


r 16 

I (5.55=L) 


— 


41 Phosphorus. 


P. 


III. V. 


1 'P 


31 


— 


42 Platinum. 


Pt. 


//, IV. 


(^ gas 62 
21.S 


197-4 


+ 


43 Potassium 
(Kalium). 


K. 


I, ///, K 


r .86 

\ gas 39.1 
11.6 


/ 39-1 
I (L-3.5) 


+ 


44 Palladium. 


Pd. 


//, IV. 


106.5 


+ 


45 Rhodium. 


Ro. 


//, IV, F/. 


II 


104.4 


+ 


46 Rubidium. 


Rb. 


I. 




85.74 


+ 



TABLE OF ELEMENTS. 
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DISCOVERY. 


DERIVATION. 


Physical 
State. 


Fusing 
Point. 


Wohler, 1798. 


Greek, glukus, sweet. 


metal. 




Cavendish, 1766. 

( Reich & Richter, 1863. 
\ (spectrum analysis). 


GxQQVfhudor andgen- 
nao, water-former. 
Indigo blue. 


gas (inetal). 
metal. 


--6oo« 


Courtois, 181 1. 


Greek, toitf violet. 


non-metal. 


107® 


Ancients. 


• 

Anglo-Saxon, iron. 


metal. 


2ooo°4- 


Tennant, 1803. 


T,atin, iriSf rainbow. 


metal. 


30oo°-f 


Ancients. 


Anglo-Saxon, lead. 


metal. 


325^ 


Mosander, 1841. 

fDavy, 1818. 
\ Arvedson, 181 8. 


Greek, lanthano, to 

conceal. 
Greek, lithosy a stone. 


metal, 
metal. 


180° 


r Bussy, 1830. 
\ Davy, 1808. 


City of Magnesia, 
Asia. 


metal. 


red heat. 


Galm, 1774. 
Ancients. 
Hjelm, 1782. 


City of Magnesia, 

Asia. 
Name of planet. 

Greek, molybdos^t2idi. 


metal. 

liquid, 

metal. 

metal (?). 


3000°+ 
—40® 


Cronstedt, 1 75 1. 
Rutherford, 1772. 


German, kupfer- 

nickel. 
Greek, nitre-forming 


metal, 
gas. 


3000*'+ 


Tennant, 1803. 


Greek, osme^ odor. 


metal. 


high. 


Priestley, August i, 1774. 


Greek, acid-forming. 


gas. 


—600° 


Brandt (in urine), 1669. 


Greek, light-bearing. 


non-metal. 


44** 


Wood, 1 74 1. 


• 

Spanish, platina. 


metal. 


30000-f 


Davy, 1807. 


English, ''pot-ashes:' 


metal. 


62.50 


WoUaston, 1803. 


Name of planet. 


metal. 


high. 


Wollaston, 1803. 


Greek, rhodon, a rose. 


metal. 


high. 


Bunsen, i860. 


Latin, rubidusy dark 
red. 


metal. 


223° (?) 
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CHEMISTRY. 



NAME. 



>- 



QUANTIVALENCE 

OR 

ATOMICITY. 



SPECIFIC 
GRAVITY. 



ATOMIC 
WEIGHT. 



Ul 



47 Ruthenium. 

48 Selenium. 

49 Silicon. 

50 Silver 
(Argentum). 

51 Sodium 
(Natrium). 

52 Strontium. 

53 Sulphur. 

54 Tantalum. 

55 Tellurium. 

56 Thallium. 

57 Terbium. 

58 Thorium. 

59 Tin (Stannum), 

60 Titanium. 

61 Tungsten. 

62 Uranium. 

63 Vanadium. 

64 Yttrium. 

65 Zinc. 

66 Zirconium. 

67 Murium. 



Ru. 
Se. 
Si. 

Ag. 
Na. 
Sr. 

S 
Ta. 
Te. 
Tl. 
Ter. 
Th. 

Sn. 
Ti. 

W. 
Ur. 

V. 

Yt. 

Zn. 

Zr. 

M. 



//, IV, V/. 

II, /r, r/. 

//, IV. 

I, ///. 
I, ///. 

II, IF. 
II, IF, VI. 

V 
II, IV, VI 

I, ///. 

//, IV. 
//, IV. 
//, IV. 
IV, VI. 
II, IV, (Ur ,)▼! 

Ill, V, (V,)TI 

II. 

//, IV. 



1 1.4 

4.8 

2.6 

lO.S 

•/ .97 
\gas23 

2.54 

I ^ 
I gas 32 

10.78 

6.6 

1 1.8 

7.9 
7.9 
7.3 

17.6 
18.4 

4.8 

\ gas 32-i 
4.1 



IQ4-4 

79.5 
28 

108 

/ 23 

\ (L=2.o6) 

87.5 

/ 32 

t (L=2.86 ) 

182 
128 
204 

148. s 

231 
118 

so 
184 

240 

Si-3 
61.6 

6S 
89.6 



+ 



+ 
+ 

+ 



+ 

+ 
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DISCOVERY. 


DERIVATION. 


Phytlctl 
Stats. 


Fusing 
Point. 


Qaus, 1845. 


Ruthenia, /Russia, 


non-metal. 


high. 


Berzelius, 181 7. 
Berzelius, 1823. 


Greek, s^Iene, the 

moon. 
Latin, si/^x, flint. 


non-metal, 
non-metal. 


\ 217^ 


Ancients. 


Anglo-Saxon, Si//&r, 


metal. 


1000** 


Davy. 18071 By ^i^^fg^. 


Latin, salsoia, soda. 


metal. 


970 


Davy, 1807 r"^' ="""*• 


Strontiatty Scotland. 


metal. 


red heat. 


Ancients. 


Latin, Sulfur, 


non-metal. 


lis** 


Ekeberg, 1802. 


The god Tantalus, 


metal. 




Klaproth, 1798. 


Greek, tellus^ earth. 


non-metal. 


500** 


( Crookes, 1861 (by spec- 
ie tram analysis). 

Mosander, 1843. 


Greek, tkallus, bud- 
ding twig. 
Greek, ier^ the third. 


metal, 
metal (?). 


294« 


Berzelius, 1829. 
Ancients. ' 


The Swedish god, 

Thor, 
Anglo-Saxon, tin. 


metal, 
metal. 


230® 


Klaproth, 1791. 


The Myth, Titans, 


metal (?). 




De Luyart. 


Swedish, heavy stone. 


metal. 


high. 


r Klaproth, 1798. 
t Peligot, 1841. 

Lefstrom, 1830. 
Wohler, 1828. 


Name of planet, 

Uranium 
The Swede god, 

Vanadis. 
Ytterby, Sweden. 


metal, 
metal, 
metal. 


high. 


Paracelsus, i6th Century. 


German, Zinc, 


metal. 


412® 


Berzelius, 1824. 


Zeylonese, zircon. 


metal (?). 




1880, by spectrum analysis. 


Muria, salt water. 
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Chemical Nomenclature is the naming of bodies from some chemical 
or physical property possessed by them, if elementary. If compound, then 
from their composition. 

Matter, whether elementary or compound, is composed <rf a/e^wj arranged 
in molecular form. 

Atoms are the smallest particles of matter that can exist, and when 
similar are called homogeneous^ when dissimilar y heterogenous. 

A molecule is composed of two or more atoms, which may be like or 
unlike ; if the first, it is called simple, when the second, compound. 

The bond of union between like atoms is cohesion ; unlike, chemical 
affinity ; these bonds are greatly affected by the imponderable forces ; 
thus, heat and light will modify and sometimes destroy them. 

Atoms possess the power of combination and displacement, obedient to 
their own inherent power of selection. This property is called their 
quantivalence, or range of combination, and on it is based the grouping of 
Monads, Diads, Triads, etc.; the elements being styled Monatomic, 
Diatomic, Triatomic, etc. 

The quantivalence of an element is expressed by Roman numerals, placed 
at the upper right-hand comer of the symbol, as, H^ 0», N"». O^. 

A Chemical Symbol is the first letter of the name of an element or when, 
as in many instances, there are several elements whose names begin with 
the same letter, then a distinguishing letter is added ; these, by universal 
consent, amoi^ chemists, represent the elements. As, C, signifies carbon ; 
Ca, calcium; Co, cobalt; Cr, chromium; CI, chlorine; Cd,* cadmium, 
and Ce, Cerium. If it is desired to express a compound, the symbols are 
used that represent the elements entering into its composition. Should 
more than one combining weight of any element be present, then the 
additional quantity is expressed by figures placed at the lower right-hand 
comer of the symbol. 

A Monad has a single range, or one arm of affinity, and is expressed 
thus O — • 

A Diad has a double range, or two arms, and is represented thus — Q — 
or 0=. I 

A Triad has a triple range, three arms, and is shown thus Q — 

tnus — ft — . 



A Tetrad has a quadraple range, four arms, and is displayed 



J 



There are also Pentads and Hexads, having the respective ranges of five 
and six, expressed by the corresponding number of arms. 
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LAWS OP MIXTURE. 

1st Some bodies mingle in all proportions, as alcohol and water. 

2d. Some bodies mingle in all proportions up to a limit, called the point 
of saturation. As common salt and water. 

LAWS OF COMBINATION. 

1st. Bodies combine in fixed and definite proportions. That is, the same 
compound, if pure, wherever found, contains the same elements and in 
the same quantity ; as every two hundred and thirty-five and five-tenths 
grains of calomel contains two hundred of mercury and thirty-five and 
five-tenths grains of the gas chlorine ; every eighteen grains of water 
contains sixteen of the gas oxygen and two of hydrogen. 

2d. Combining weights. 

They are the quantities by weight in which one body combines with 
another. As sixteen (i6) grains of oxygen will combine with two 
hundred (200) grains of mercury, or sixty-four grains of copper, etc. 
The combining weight of a compound is the sum of those of its con- 
stituents. 

3d. Multiple and submultiple proportions. 

When a body combines with another in more than one quantity, the 
second, third, fourth and fifth are multiples of the first. But should they 
combine in the proportions of one to one and a half, or two to three, then 
it is a submultiple. 

4th. Gases combine by Buik or Volume, 

That is, a given volume or bulk of a gas will combine with an equal 
given volume or bulk of another. Thus, one cubic inch of hydrogen 
will combine with one cubic inch of chlorine and form two cubic inches 
of gaseous hydrochloric acid. Some gases have the power of combining 
in more than one proportion by bulk with another. As two bulks of 
nitrogen will combine with one, two, three, four and five bulks of 
oxygen, forming five different compounds. 
Non-metallic elements or electro-negatives combine with positives or 

metals, to form compounds that terminate in ide^ as oxide, chloride, iodide, 

bromide, fluoride, sulphide, and phosphide. The prefixes mon, di, tri, 

tetra, pent, and sesqui, are used to denote the quantity of the non-metallic 

element in combination. Per and hypo are also used ; per signifying the 

highest, hypo, under. 

When acids are formed by the union of elements, the one having the 

largest quantity of the non-metallic body terminates in /V, the lower in ous ; 

they are usually oxygen compounds. 

Acids, with few exceptions, are only active in their power of combination 
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when untied with hydrogen ; when terminoHng in ic, form compounds 
ending in ate ; if tenniiiating in ous^ ite compounds result. 

Gravity means weight ; specific gravity is the relative weight of equal 
bulks. To obtain the specific gravity of a body heavier than water, we 
first weigh it in air, then in water ; the difference is the weight of the bulk 
of water displaced ; the weight in air is divided by that of the bulk of 
water, and the quotient is the specific gravity. 

EXAMPLE. 

A piece of lead weighs in air 107.0 grs. 

Immersed in water 97.4 grs. 



The difference, or weight of bulk of water displaced 9.6 grs. 

107.0 -J- 9.6 = II. 

For bodies lighter than water, weigh in the air, then attach a heavy 
substance, sufficiently so to sink the two ; weigh again in the air, immerse 
in water and weigh ; the difference is the weight of the bulk of water equal 
of that of the light and heavy substance. Detach the heavy body, weigh 
in air, then in water ; the difference here is the weight of the bulk of water 
equal to the heavy body alone ; this, when subtracted from the weight of 
bulk of water equal to the two bodies, gives that of the light body alone. 
We now divide the weight in the air by the weight of the bulk of water, 
and the quotient is the specific gravity. 

EXAMPLE. 

Light substance, a piece of cork, weighs in air 2.3 grs. 

Attached to a piece of lead, the whole weighs...... I09«3 grs 

Immersed in water, they now weigh 87.2 grs 

Weight of bulk of water equal to lead and cork 22.1 grs 

Weight of lead in air 107.0 grs 

Weight of lead in water 97.4 grs 

Weight of equal bulk of water 9.6 grs 

Weight of bulk of water equal to lead and cork 22.1 grs 

Weight of bulk of water equal to lead alone 9.6 grs 

Weight of bulk of water equal to cork alone 12.5 grs. 

2.3 -!- 12.5= .184. 

It is often necessary to obtain the specific gravity of bodies soluble in 
water; some other liquid is then taken, the most common being alcohol, 
or oil of turpentine. Whichever is used, its specific gravity must be accu- 
rately known. We now weigh in the air, then in the proper liquid ; sub- 
traction gives the weight of an equal bulk of that fluid ; this, when multi- 
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plied by one hundred, and divided by the specific gravity of liquid used, 
gives us the weight of the bulk of water equal to the body ; all that is now 
necessary is to divide the weight in air by that of the bulk of water, and 
the specific gravity is obtained. 

BXAMPLS. 

Weight of sugar in air 400.0 grs. 

Weight of sugar in oil of turpentine ., 182.5 grs. 

Weight of equal bulk of oil of turpentine 217.5 g^* 

217.5 X ^00 -5- 87 = 250 or weight of an equal bulk of water. 

400 -i- 250 =1.6 the specific gravity. — FowNES. 

The specific gravity of liquids is obtained by dividing the weight of a 
given bulk by that of the same of water. Or by means of an instrument 
called the Hydrometer. 

Specific gravity of gases is obtained by weighing as for liquids. 

OXYGEN. 

Symbol O. Combining weight 16. Volume i Q. 

Specific gravity 1. 1057. One liter weighs 1.430 grm. 100 cubic inches 
weighs 34 grains. 

Discovered by Priestley in 1774, also by Scheele in the following year. 

Preparation. Obtained from water (H, O) by decomposing it by 
galvanic electricity. From the following substances by heat : Mercuric 
oxide (Hg O) ; Manganese dioxide (Mn O,) ; Tri-plumbic tetroxide (Pb, 
O4); Potassium nitrate (Kj N, O5) or (K NO3); Potassium chlorate 
(K, CI2 Of) or (K CI O3) ; also from Potassium acid chromate. 

Kj H, 2Cr O4 with hydric sulphate (H, SO4). 

The method of Tessi6 du Mottay is by heating a mixture of manganese 
dioxide (Mn O,) with caustic soda (Na, O) ; Manganate of sodium is 
formed (Na, Mn O4) which is decomposed by steam, causing the decom- 
position of the manganate, and oxygen is liberated. This gas is generally 
prepared by heating a mixture of four parts by weight of potassium chlo- 
rate (K, CI2 Of) or (K CI O,) with one of manganese dioxide (Mn O,) 
which plays no part other than a conductor of heat, as it does not undergo 
decomposition. 

Ka Clj Of -f Mn Oj -f heat = Mn O3 -f 2 K CI -f 60. 

Properties. It is without color, odor, or taste, a supporter of combus- 
tion and stimulant. In its nascent state it is a bleacher. This gas is 
electro- negative, a diad, and forms one-fifth of the atmosphere, eight- 
ninths of the water and one-half of the earth. 

Liquefiable at a great pressure at a low temperature. 
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Test. A solution of the pyrogallate of potassium will absorb oxygen 
and become black. 

Ozone. AlUKropic or Active Oxygen. 

Discovered by Schonbein in 1840. It may be obtained by the slow 
combustion of phosphorus in moist oxygen, or by passing electricity through 
the dry gas. 

Properties. It has a peculiar smell, oppressive in character ; oxidizes 
metals, sets free iodine, chlorine, etc. Heat converts it into the passive gas. 

HYDROGEN. 

Symbol H. Combining weight I. Volume i Q. 
Specific gravity .08961. 100 cubic inches weighs 2.14 grains, i liter 
weighs .08961 grm. 

Discovered by Cavendish in the year 1766. 

Preparation. Obtained by decomposing water (Hj O) by galvanic 
electricity. By the decomposition of steam with hot iron. From water 
(Hj O) by the action of the alkaline metals , potassium (K) or sodium 
(Na). Acting upon the metals zinc (Zn) or iron (Fe) with hydric chloride 
(H a) or dilute hydric sulphate H^ SO4. 

Zn + Hj SO4 + H3 O = Zn SO4 + Hj O + 2 H. 

Properties. A gas without taste, odor, or color, not poisonous, bums 
with a colorless flame, producing great heat and forming water Hj O; it 
is the lightest of all known bodies, electroposative and a monad. 

Tests. Its inflammability and absorption by bromine. 

OXYGEN COMPOUNDS. 
Hydrogen monoxide, water Hj O. 
Made by uniting 2 vols, of hydrogen (H) with I vol. of oxygen (O). 

Hydrogen dioxide (Hj Oj). 

Discovered by Thenard in the year 1818. 

Obtained by acting on barium dioxide (Ba Oj)! powdered and moistened 
with water (Hj O), with hydric chloride (H CI). 

Ba O2 + 2 H CI = Ba CI3 -f H^ O,. 

Properties. When pure it is a dense liquid, without color or odor, 
very unstable, and having a specific gravity of 1.45. 

CHLORINE. 

Symbol CI. Combining weight 35.5. Volume I □. 
Specific gravity 2 45. One liter weighs 3.208 grains. 100 cubic inches 
weighs 78 grains. 
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Discovered by Scheele in the year 1774, and proven to be an element 
by Davy, in 1810. 

Preparation. By the action of Hydric Sulphate (Hj SO4) on Sodium 
Chloride (Na CI) and Manganese Dioxide (Mn Oj). 
2 Na a -f Mn Oj -h 2Ha SO^ = Na,, SO^ -f Mn SO4 + 2Ha O -f 2CI. 
Or by acting on Manganese Dioxide (MnOj) with Hydric Chloride 
(H CI). 

Mn Oj + 4H CI = Mn CI2 + 2Ha O + 2CI. 

Properties. A greenish-yellow gas, irrespirable, soluble in water 
(Hj O) disinfectant, and when in the presence of moisture (H, O) a 
bleacher. It is electro-negative and a monad. Can be liquefied at a pres- 
sure of four atmospheres. 

Test. A soluble salt of silrer (Ag), as a Nitrate (Ag, Nj O^), gives a 
white precipitate. 

Hydrogen Chloride, Hydrochloric or Muriatic Acid (H CI). 
Specific gravity of the gas 1.26, of the liquid 1. 17. One liter weighs 1.63 
grm. 100 cubic inches weighs 38 grains. 

Discovered by Priestley in the year 1772. 

Obtained by the action of Hydric sulphate (Hj SO4) on Sodium Chlo- 
ride (Na CI). 2 Na CI -f H, SO4 = Na, SO^ + 2 H CI. The gas is 
passed into water, which absorbs it in large quantities ; when the substances 
used are pure, and the vessels are of glass, a corresponding acid is obtained. 
The commercial acid is tinged yellow, due to the presence of iron (Fe). 

Properties. A colorless gas, liquefiable at a pressure of forty atmos- 
pheres. Water absorbs it with avidity, taking up four hundred and eighty 
times its bulk. 

Test. A soluble salt of silver (Ag), as the Nitrate (Agj N^ Og), gives 
a white precipitate. 

IMPORTANT OXYGEN COMPOUNDS. 
Hydrogen Hypochlorite, | 
Hypochlorous Acid, J HaCljO,. 

Hydrogen Chlorite, \ 

Chlorous Acid, J HaClaP^. 

Hydrogen Chlorate, > 

Chloric Acid, J H2CI2O6. 

Hydrogen Per chlorate, 'I 

Per chloric Acid, | H^ Cl^Og. 

Hydrogen Hypochlorite, Hjrpochlorous Acid, H^ Clj Og. May be 
obtained by passing chlorine (CI) into water (Hg O) in which freshly 
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precipitated calcium carbonate (Ca CO,) is suspended. Carbonic an- 
hydride (COj) escapes as a gas, calcium chloride (CaClj) with the acid 
remaining in the'water (Hg O). Distillation will furnish the acid. 
Ca CO, + 4 CI -f- Hj O = C02 Ca Clj, + H^ Clj O , (Williamson). 

Hydrogen chlorite, Chlorous Acid Hj Clj O4. Is obtained by dis- 
tilling potassium chlorate (Kj Clj Og) with hydrogen nitrate (HjNjOg) 
and arsenious anhydride (As^ O3). It is a non-important greenish-yellow 
liquid, possessing bleaching and oxidizing properties; forming chlorites 
with the alkalies and alkaline earths. 

Hydrogen chlorate, Chloric Acid, Hj Clj ^e* Discovered by Gay- 
Lussacy and prepared by decomposing Barium Chlorate (Ba Clj O^) with 
hydrogen sulphate (Hj SO^). Ba CI, Og -f Ha SO4 = Ba SO4 + H , 
CI3 O,. When concentrated it is a syrupy liquid, possessing strong 
bleaching power. 

Hydrogen Perchlorate, Perchloric Acid, Hj CI, Og. Discovered 
by Stadiottf and obtained by distilling potassium perchlorate (K^CljOg) 
with hydrogen sulphate (H, SO4). K, CI, O, -f- Hj SO4 == K, SO4 + 
H, Clj O5. It is a colorless liquid, liable to undergo decomposition. 

IODINE. 

Symbol I. Combining weight 127. Volume i □. 

Specific gravity 4.948. Of the vapor 8.716. One liter weighs 11.36 grms. 

Discovered by Courtois in the year 18 12. 

Iodine is found combined with Sodium (Na) in the ashes of marine 
plants. It is obtained by passing chlorine gas (CI) through a saturated 
solution of these ashes, which frees the iodine and some bromine. Benzine 
is then added ; this dissolves the iodine^ leaving any bromine that may have 
been liberated ; the benzine solution of iodine is now drawn off and treated 
with potassic hydrate (K HO), when potassium iodide (K I) and potas- 
sium ioddte K, I2 Og are formed ; the last named salt is converted into the 
iodide by heat. 12 I in solution + 6 (K , O H, O) = 10 K I -f K , I, O,. 
Potassium iodide (K I) is now treated with manganese dioxide (Mn Oj) 
and hydric sulphate (H, SO4) when potassium sulphate KjSO^ man- 
ganese sulphate (MnSO^) and water (H, O) are formed; the iodine (I) 
passing off as a vapor, because of the heat used, and condenses in the 
appropriate vessels arranged for the purpose. 

2 (K I) + (Mn O2) -f • 2 (Hj so/) = (Ka SO^) -f (Mn SO J + 2 (H, 

0) + 2l. 

Properties. A brownish metallic-looking solid body ; slightly soluble 
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in water (Hj O), freely so in alcohol (Cj H^ O) and alkaline solutions. It 
is an electro-negative and a monad. 

Tests. A solution of starch is turned blue. A soluble salt of silver 
(Ag) gives a yellow precipitate. 

Hydrogen Iodide (H I), or Hydriodic Acid. 

Prepared by distilling a mixture of iodine (I), phosphorus (P), pow- 
dered glass (Ca Si Og) and water (Hj O). 

2 P + 6 I + 6 (Hj O) = 6 H I + 2 (H, P O,). 

Properties. It is without color, very acid and highly soluble in water 
(Hj O). Specific gravity 4.4. 

OXYGEN COMPOUNDS OP IODINE. 



Hydrogen lodate, \ w t n 
Iodic Acid, /^a^a^e- 

Hydrogen Per lodate, I u t o 
Per Iodic Acid, / "a ^a ^s- 



Hydrogen lodate, Hj Ij Og, or Iodic Acid. 

Made by acting on iodine (I) with hydric nitrate (H, Nj Og) and heat, 
evaporating to dryness, dissolving in water (H, O) and setting aside to 
crystallize. 

Properties. It is a solid body, without color, crystallizing in ortho- 
rhombic prisms. 

Hydrogen Per lodate, H, Ij Og, or Per Iodic Acid. 

Made by passing chlorine into a mixed solution of sodium iodate (Na, 
1 3 Og) and sodium hydrate (Na, O -|- H, O). The sodium periodate 
Na^ 1 2 Og is then dissolved in hydric nitrate H, Nj Og, and lead nitrate 
Pb N2 Og is added; lead periodate is formed, and is decomposed by 
hydric sulphate Hj SO4, which throws down lead sulphate (Pb SO4) and 
the acid remains in solution, and is of little importance. 

Nitrogen Iodine (Nig) is made by the action of iodine (I) on strong 
ammonia (NHg -|~ ^a ^)* It is a non- important explosive body. 

CHLORIDES OP IODINE. 

There are three chlorides of iodine. Monochloride (I CI), Trichloride 
(I Clg), and Tetrachloride (I Cl^), which are of little importance. 

BROMINE. 

Symbol Br. Combining weight 80. Volume i Q. 

Specific gravity 2.976. Of the vapor 5.41. One liter weighs 6.99 grms. 

Discovered by Balard'va the year 1826. 

Preparation. After the separation of sodium chloride (NaCl) from 
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salt water, by evaporation, there remains a bitter liquid, which contains, 
among other salts, sodium bromide (Na Br). To free the bromine (Br), 
chlorine (CI) is passed into this liquid ; ether is then added, which dis- 
solves the bromine (Br) and from its lightness floats on the surface of the 
water (Hj O); it is now drawn off and potassic hydrate (Kg O Hg O) 
added, forming potassium bromide (K Br) and potassium bromate (K, 
BrjOg) which are obtained by evaporation. The last named salt can be 
converted into the bromide (K Br), by heat. Potassium bromide (K Br) 
is mixed with manganese dioxide (Mn O^) and hydric sulphate (HjSO^) 
and heat applied, when bromine (Br) will pass off. 

2 (K Br) + (Mn OJ + 2 (H^ SO J = (K^ SO J + (Mn SO J + 
2 H2 O + 2 Br. 

Properties. A volatile, blood-red liquid, of an offensive odor, sparingly 
soluble in water (Hj O), disinfectant, escharotic, electro-negative and 
nomad. 

Test. A soluble salt of silver (Ag), as the Nitrate Agj NgOg, gives 

a yellowish-white precipitate, slightly soluble in ammonia. 

Hydrogen Bromide^ \ H B 
Hydro-bromic Acidy J 

Hydrogen Bromide (HBr) or Hydrobromic Acid, 

This substance is prepared by a process similar to Hydrogen Iodide 

(HI), and has properties very like that acid. 

OXYGEN COMPOUND. 

Hydrogen Bromate (H Br) or Bromic Acid. 

Can be prepared by decomposing Barium Bromate (Ba Br 2 Og) with 
Hydric Sulphate (H, SO4). (Ba Br, OJ -f (Hg SO4) = (Ba SO^ + 
Hj Br^ Og. 

Hydrogen H3rpobromite, or Hypobromous acid, is also known, but is 

of little importance. 

FLUORINE. 

Symbol F. Combining weight 19. One liter weighs 1.7 grm. 

This element has never been separated, but a body supposed to be 
fluorine has been obtained by decomposing silver fluoride (Ag F) with 
Chlorine (CI) or Iodine (I) in vessels made of Calcium Fluoride (Ca F,). 
HYDROGEN COMPOUNDS OF FLUORINE. 

Hydrogen Fluoride (H F) or Hydrofluoric Acid. Hydrogen Fluosili- 
cate (Hg Si Fg) or Hydrofluosilicic Acid. 

Hydrogen Fluoride (H F), or Hydrofluoric Acid, may be obtained by 
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the action of ^^tf/ and /^'^^''^^ Sulphate (Hg SO4) on Calcium Fluoride 
(CaFj), in vessels made of Lead or Platinum, connected with a cooled 
receiver of the same metal. 

(Ca F2) + (H2 SOJ = Ca SO4 + 2 (H F). 

Properties. A colorless, volatile liquid, which gives off white fumes in 
the air, of a highly suffocating character ; used in the arts for etching on 
glass. 

Hydrogen Fluosilicate (Hj Si Fq) ox Hydrofluosilicic Acid, is formed 
when Silicon Tetrafluoride (Si F^) is passed into water. 

3 (Si F,) + 4 (H3 O) = 2 (H, Si F,) + (Si (O H)^). 

Salts of Potassium (K) are precipitated by this acid. 

NITROGEN. 

Symbol N. Combining weight 14. Volume i □• 

Specific gravity 0.972. One liter weighs 1.2565 grm. 100 cubic inches 
weighs 30 grains. 

Discovered by Rutherford in the year 1772. 

Preparation. This gas may be obtained in many ways, the more com- 
mon being as follows: From the atmosphere (N^ -f- O) by burning phos- 
phorus (P) in a bell jar containing air over water. Phosphoric anhy- 
dride (Pg O5) is formed, which is absorbed by the water (Hj O) and the 
nitrogen remains. By the action of hydric nitrate (Hj Nj Og) on flesh. 
Treating ammonia (N H3) with chlorine (CI). (N H3) -[-3 CI = 3 (H 
CI) -f- N. YxQvsx potassium nitrite (Kg Ng O^) and ammonium chloride 
(N H^ CI). (Kj N, O J + 2 (N H^ CI) = 2 (K CI) + 4 (H, O) + 4 
(N). 

Properties. A gas without color, odor, or taste ; will not bum or sup- 
port combustion, and is not poisonous. It belongs to the group of pentads. 

Tests. Its forming ammonia (N Hj), and cyanogen (C N),by the use 
of the proper substances. 

THE ATMOSPHERE 
Is a gaseous envelope that surrounds our globe, extending upward many 
miles, and is composed of nitrogen (N) and oxygen (O) intimately mingled 
in the proportion of 

BY WEIGHT BY VOLUME 



23.10 

N 76.90 



100.00 



20.90 

N 79.10 



100.00 



Carbonic anhydride (C Og), ammonia (N Hg), the vapor of water (H, 
O) and other substances are also found in it. 
c 
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OXYGEN COMPOUNDS OP NITROGEN. 

NUrogen Monoxide^ \ N O 

Laughing gas, j « 

Nitrogen Dioxide, Nj Oj. 

Nitrous Anhydride, \ N O 

Nitrogen Trioxide, j 2 3* 

Hydrogen Nitrite, \ H N O 

Nitrous Acid, J 2 2 4* 

Nitrogen Tetroxide, \ tm n 

Hypo Nitric Acid Anhydride, j ^^ * ^** 

Nitrogen Pentoxide, \ -nt n 

NitHc Anhydride, ] ^2^5- 

Hydrogen Nitrate, 1 

Nitric Acid, [ Hj Nj O^ or H N O,. 

Aqua Fortis, j 

Nitrogen Monoxide, N, O, or Laughing gas. 

Discovered by Priestley in the year 1785, and made by heating ammo- 
nium nitrate (N HJ2 Na Og). (N Yi^^ N^ Og + heat =4 (H, O) -h 
2 (Nj O). Specific gravity 1.524. One liter weighs 1.97 grm. 100 
cubic inches weighs 47 grains. 

Properties. A gas without color or odor, having a sweetish taste, is an 
anaesthetic, and supporter of combustion, liquefiable by a pressure of fifty 
atmospheres. 

Nitrogen Dioxide (Nj O, ). Discovered by Dr. Hales, Made by the 
action of Hydric Nitrate (Hj Ng Og) on Copper (Cu). 

3 Cu + 4 (Ha Na Oe) = 3 (Cu N, O,) + 4 (H, O) + N^ O,. 

Specific gravity 1.0365. One liter weighs 1.343 grm. 100 cubic 
inches weighs 32 grains. 

Properties. A colorless gas, non-supporter of combustion, and irre- 
spirable. Combines with oxygen. 

Nitrous Anhydride (N2 O3) or Nitrogen Trioxide, Made by subject- 
ing a mixture of four measures of Nitrogen Dioxide and one of Oxygen 
to a temperature of — 18°, when a blue liquid condenses, which gives off 
orange-red fumes. Or by the action of Hydric Nitrate (Hj Nj Oj) on 
Arsenious acid (As, O3). 

Nitrogen Tetroxide (N, O4) or Hyponitric Anhydride, When Plumbic 
Nitrate (Pb N2 Oj) is subjected to heat. Plumbic Oxide (Pb O) remain.s, 
and Nitrogen Tetroxide (Nj O4) passes off. By condensation at a low 
temperature, transparent crystals are formed. 

Nitrogen Pentoxide (N, O5) or Nitric Anhydride^ Discovered by 
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Deville in the year 1849, and made by acting on Argentic Nitrate (Ag, 
N^Og) with Chlorine (Ag, N^ OJ + 2 CI = 2 (Ag CI) + O + N^ O5. 

Properties. A colorless body, crystallizing in six-sided prisms. 

Hydrogen Nitrate (HgNjOg), Hydric Nitrate ^ Nitric Acid ^ ox Aqua 
Fortis. This acid was known as early as the eighth century, but its true 
composition was first stated by Cavendish, in the year 1785. 

Preparation. By distilling Potassium Nitrate (K^NjOg), or Sodium 
Nitrate (Na^ N, OJ with Hydric Sulphate (Hg SO4). The Sodium salt 
being generally selected. (Na, N3 O^) + (H, SO4) = (Na^ SO4) -f 
(H, N3 Oe). 

Properties. This acid is without color when pure, the commercial 
variety having a slight yellow tinge. Nitric Acid has a specific gravity of 
1.52, freezes at a low temperature, and boils at 184°. 

Test. It reddens Litmus, Morphia, Narcotina and Brucia. 

AMMONIUM (N H J. 

A compound radical, acting the part of a monad. When sodium amal- 
gam is placed in a saturated solution of ammonium chloride (N H^ CI) a 
spongy mass results, of considerable bulk, which is supposed to be ammo- 
nium amalgam; it quickly disappears, however, ammonia (N Hg) escaping, 
mercury, Hg, and sodium chloride, NaCI, remaining, the latter in solution. 

AMMONIA (N H,). 

This compound was known as early as the thirteenth century, but was 
first shown as a gas by Priestley ^ in the year 1774, and called by him 
alkaline air. It is made by double decomposition between ammonium 
chloride (NH^) CI with calcic oxide, Ca O. (Ca O) -f 2 (N H^ CI) = 
Ca CI2 + 2 N H, -f Hj O, or (N H^)^ O. 

Properties. A gas without color, capable of being liquefied and solidi- 
fied; has a pungent odor and is freely soluble in water (HjO) that liquid 
taking up 700 times its volume at (32° F). 

Test. Nessler's solution. This solution is prepared thus : 50 grams of 
potassium iodide are dissolved in a small quantity of boiling distilled 
water, in a basin placed on a water bath. Hot saturated solution of 
mercuric chloride is then added, with constant stirring, until a slight 
permanent red precipitate is produced. The solution thus obtained is 
filtered and mixed with 200 grams of potassium hydrate dissolved in the 
smallest possible quantity of distilled water. When the whole is quite cold 
it is made up with cold distilled water to the bulk of one liter ; and 5 
c. c. of a cold saturated solution of mercuric chloride having been added, 
the solution is well shaken, and then lefl to settle. Lastly, the clear por- 
tion is decanted and kept for use. (Muter' s Analytical Chemistry ^ 3d Ed. 9 
1880 1 page I go,) 
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AMMONIUM CHLORIDE, N H« CI. 

Sometimes found native, but usually prepared by adding hydric chloride 
(H CI) to gas liquor (which is formed in the manufacture of illuminating 
gas), evaporating and purifying by sublimation. 

Also from the destructive distillation of bones in the manufacture of 
animal charcoal. 

Properties. It is white, fibrous, and soluble in water. 

AMMONIUM SULPHATE, (N H«), SO«. 
Obtained in a mannner similar to the chloride, or by adding hydric sul- 
phate (HjSO^) to ammonium carbonate to neutrality. 

Properties. It is soluble in water (H, O) and crystallizes in long, 
flattened, six-sided prisms. (Fownes.) 

AMMONIUM NITRATE, (N H«), N, O.. 
Is made by neutralizing dilute hydric nitrate (H^NjOq) with ammonic 
carbonate, and crystallizing by evaporation at a low temperature. 
Properties. Soluble in cold water and decomposed by heat. 

AMMONIUM PHOSPHATE, a H, (N HJ, P, O,. 

Prepared by adding ammonium carbonate to a solution of dihydric 
calcic phosphate (Ca 2 H , Pg Og). Calcic carbonate falls as a precipitate, 
which is separated by filtration, and the solution evaporated. Ca 2 H, 
Pj O, + (N H J, CO. = 2 H, (N H J, P, O, + Ca CO.. 

Properties. This salt is decomposed by heat, ammonia (N H,) escap- 
ing, and trihydrated phosphoric acid (3 Hj Pj Og) remaining, provided 
the temperature is not too high ; should this be the case, dihydric, or even 
monohydric phosphate would result. 

AMMONIUM CARBONATES. 

There are several, the most common being the dicarbonate (N H^), 
CO3 Hj CO3), which is made by saturating ammonic hydrate (NHj)2H2 
O or (N H^)2 O with carbonic anhydride (CO 2). It has also been found 
native in guano. 

Properties. It is soluble in water, insoluble in alcohol. 

CARBON. 

Symbol C. Combining weight 12. 

Found native in two forms, the diamond and as graphite. The various 
varieties of mineral coal, charcoal and lampblack, are also examples of 
this element, but in different forms of purity. The specific gravity of the 
diamond is 3.5, of graphite 2.2. 

Properties. In the form of a diamond, carbon is a solid body of great 
hardness, having several crystalline forms, and is used in the arts for various 
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purposes. When cut with the appropriate number of sides, and of the 
proper shape, it becomes an ornament of considerable value, and possess- 
ing great refractive power. 

Graphite. This form of carbon is largely used in making pencils, also 
crucibles. The more common forms of the element are too well known 
to require any explanation of their properties. 

OXYGEN COMPOUNDS. 
Carbon Monoxide, or Carbonic Oxide (CO). Specific gravity .967. 
One liter weighs 1.251 grm. 100 cubic inches weighs 30 grs. 

Discovered by Priestley in the year 1787, and made by decomposing 
Hydric Oxalate, or Oxalic acid (Hg Cg 0^,\iy Hydric Sulphate (Hj SO4). 
Carbonic oxide (CO), Carbonic anhydride (CO 2) and water (Hj O) are 
formed, the gases being passed through lime water (Ca O Hj O), Calcic 
Carbonate (Ca CO,) remaining as an insoluble body, and Carbonic Oxide 
passes off. 

Properties. A poisonous gas, without color, odor or taste, burning 
with a blue flame, and generating Carbonic Anhydride (COj). 

Test. Its burning producing Carbonic Anhydride. 

Carbon Dioxide, or Carbonic Anhydride COj. Specific gravity 1.524. 
One liter weighs 1.966 grm. 100 cubic inches weighs 47 grs. 

Discovered by Black in the year 1756, and can be obtained from 
several sources, the principal of which are caves, springs, combustion, 
fermentation and chemical action. This gas is generally prepared by 
decomposing Calcic Carbonate (Ca Co 3) by Hydric Chloride, H CI, Calcic 
Chloride and water (Hj O) being formed, and Carbonic Anhydride given 
off. Ca Co, + 2H CI = Ca Clg -f Hg O -f CO3. 

Properties. A colorless gas, with a peculiar odor and taste, capable 
of being liquefied, soluble in water, and very poisonous. 

Test, Calcic Hydrate, Ca O Hj O, gives a white precipitate. 

HYDROGEN COMPOUNDS. 
These are many in number ; two only are given here, both being gases. 

Ethene, Heavy Carbo-hydrogen, or Olefiant gas{Q^ H^). Specific 
gravity .981. One liter weighs 1.252 grm. 100 cubic inches weighs 30 grs. 

Discovered by Dutch chemists in the year 1796, and made by decom- 
posing alcohol (Ca Hg O) by hydric sulphate (Hg SO4). C3 Hj O -f H^ 
SO^ = Ha O Hj SO4 -f Ca H^. 

Properties. A combustible, colorless gas, with an unpleasant odor. 
One of the constituents of illuminating gas. The products of its combus- 
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tion being water (H, O) and carbon anhydride (CO,). Ethene is soluble 
in water, to a slight extent. 

Test. Chlorine, which forms an oily liquid. 

Methane, Light Carbo-hydrogen, or Marsh gas (C H^]. Specific 
gravity .557. One liter weighs .715 grm. 100 cubic inches weighs .17 grs. 

Discovered by Dumas and obtained by heating a mixture of sodium 
Cj H3 acetate (Na C H Oj) with sodic hydrate (Na H O). (Na C^ H3 
0,) + (NaH0)=(Na,C0,)4-(CHJ. 

Properties. A colorless, odorless, tasteless gas; slightly soluble in 
water, and combustible, the products being water (H, O) and carbonic 
anhydride (COj). When mingled with air it forms an explosive mixture, 
to which many of the coal mine accidents may be attributed. 

COMPOUNDS OF CARBON AND NITROGEN. 

Cyanogen (CN) or (Cy). 

Discovered by Gay-Lussac in the year 1S41, and is prepared by heating 
mercuric cyanide (Hg Cy,). Hg Cyj = Hg -j- 2 Cy. A univalent 
radical. 

Properties. A poisonous, colorless, inflammable gas, that bums with a 
purple flame, having a specific gravity of 1.806. 

Hydrogen Cyanide, Hydro-cyanic, or Prussic acid (H Cy). 

Discovered by Scheele in the year 1782, and prepared in a state of 
purity and anhydrous by decomposing mercuric cyanide, HgCy 2 » with 
hydrogen sulphide, Hj S .Hg Cyg + Hj S = Hg S + 2 H Cy. The gas 
is condensed by cold, in a receiver, to a liquid form. When pure, this acid 
is thin, colorless, and very volatile, having a specific gravity of .7058. 
Though one of the most poisonous substances known, yet it is used in 
medicine, the two per cent, acid being official, and is made by the action 
of hydric sulphate, Hj SO^, on potassium ferro-cyanide, K^ Fe Cy^. 
2K^FeCye+3HaSO^ = K2FeCye+3K2SO^+6HCy. 

Properties. A colorless liquid, exceedingly poisonous. 

Tests. An iron salt with potassic hydrate gives Prussian blue. Argen- 
tic nitrate gives white precipitate, insoluble in ammonia. Ammonic sul- 
phide and a persalt of iron give blood-red. 

Cyanic C N H O, Cyanuric Cg N, H, Og, and Fulminic Acids C, N, 
H2 O], are known, but are of little importance to the medical student. 

SULPHUR. 

Symbol S. Combining weight 32. 

Specific gravity 1.98-2.04. Of the vapor 2.22. One liter weights 2.867 
grms. 
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This element has been long known, and is found contaminated by 
earthy impurities in various parts of the world, principally in the neighbor- 
hood of active or extinct volcanoes. Sulphur may be a negative or posi- 
tive hexad. 

Preparation. It is purified by sublimation, melted, and poured into 
molds. Roll Sulphur or Brimstone is then produced ; this, when sub- 
limed, constitutes Flowers of Sulphur, and when washed, the Sulphur 
lotum of the druggist. 

Properties. A yellow, solid body, insoluble in water and alcohol ; oil 
of turpentine and fat oils dissolve it, but the best solvent is Carbon Disul- 
phide. Sulphur melts at 232° F., and boils at 792° F. It exists in several 
aUotropic forms. 

OXYGEN COMPOUNDS. 

There are two Oxides of Sulphur, having the names and composition as 

follows : — 

Sulphur Dioxide SOj. 

Sulphur Trioxide SO,. 

These oxides combine with the elements of water, and become the 

prominent acids. 

Hydrogen Sulphite, 'I tr co 

or Sulphurous Acid, J * •' 

AND 
Hydrogen Sulphate, 1 tt cq 

or Sulphuric Acid, f * *' 

SOa -f H2 O = Hj SOg or Sulphurous Acid. 

SOg + Hj O = Ha SO4 or Sulphuric Acid, 

The following are also oxygen compounds of Sulphur that are acids. 

Hydrogen Hyposulphite, 1 tt cr) 

or Hyposulphurous Acid, j * ** 

And the Polythionic group. 

Dithonic Acid, H^ Sj Og. 

Trithonic Acid. Hj Sj Og. 

Tetrathionic Acid. Hj S^ Og. 

Pentathionic Acid, H^ S5 Og. 

Hydrogen Hjrposulphite, Hj SO 2 or Hyposulphurous Acid. 
" This compound was discovered by ScUtzenberger, and called by him 
hydrosulphurous acid. It is obtained by the action of metallic iron or zinc 
on sulphurous acid contained in a closed vessel ; no evolution of hydrogen 
takes place in this case, as the gas at once combines in the nascent condi- 
tion with the oxygen to form water, hyposulphurous acid being formed ; thus 

Ha SO3 + Ha = H, SO3 + Ha O. 
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"A deep yellow-colored liquid is thus obtained, possessing powerful 
reducing properties. It bleaches organic coloring matter more quickly 
than sulphurous acid, and precipitates the metals silver and mercury from 
solutions of their soluble salts." (Roscoe and Schdrlemmer.) 

Sulphur Dioxide, SO 3, or Sulphurous Anhydride. 

This gas may be prepared by burning sulphur in dry oxygen, or by heat- 
ing hydric sulphate with metallic copper. 

Cu + 2 H2 SO4 = Cu SO^ + Hg O + SOg. 

Properties. It is a colorless gas with a peculiar, suffocating odor, and 
very irrespirable. Its specific gravity is 2.21. One liter weighs 2.8605 
grms. 100 cubic inches weighs 68.69 grains. At 0° F., it condenses into 
a colorless liquid, which, when exposed to a current of air, evaporates so 
quickly as to cause great cold. It is soluble in water and imparts to that 
liquid acid properties. 

Sulphur Trioxide, SO 3, or Sulphuric Anhydride. 

May be obtained by distilling Nordhausen sulphuric acid, and collect- 
ing in a cold receiver. 

Properties. A white crystalline body having a specific gravity of 2.77. 

Hydrogen Sulphate, Hj SO 4, Sulphuric Acid or Oil of Vitriol. 

This important acid was known in the fifteenth century, and is made in 
large rooms especially prepared for the purpose, by being thoroughly 
sheathed with lead, and provided with openings for the admission of air 
and steam ; water covering the floor to the depth of several inches. The 
product of burning sulphur (sulphurous anhydride SOj) enters the cham- 
ber, where it meets with hyponitric anhydride (Nj 0^) and steam. A 
complicated rearrangement of the elements now takes place, resulting in 
the formation of other bodies, but especially of hydric sulphate in a dilute 
form ; this is drawn off and concentrated, first in shallow vats lined with 
lead, and secondly, in vessels of glass or platinum, until the liquid arrives 
at the proper specific gravity. 

Properties. A heavy, colorless, oily liquid, having the specific gravity 
of 1.85. It is a powerful acid, very corrosive, carbonizing organic matter 
when brought in contact with it. Commercial sulphuric acid usually con- 
tains lead. 

Test. A soluble salt of Barium, as the Chloride, gives a white precipi- 
tate. 

CHLORINE COMPOUNDS OF SULPHUR. 

Sulphur Monochloride S3 Clj. 

Sulphur Bichloride S CI3. 

Sulphur Tetrachloride S CI4. 
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Sulphur Monochloride, S, CI,. Is made by passing a current of dry 
chlorine gas over hot flowers of sulphur. 

Properties. It is a dark yellow, oily liquid. 

Sulphur Dichloride, S CI,. Is made by passing chlorine gas into the 
monochloride. 

Properties. A liquid of a dark reddish-brown color. 

Sulphur Tetrachloride, S CI4. When the dichloride is surrounded 
by a freezing mixture and saturated with chlorine gas, the tetrachloride is 
formed. 

Properties. A light yellow liquid, very unstable. 

IODINE COMPOUNDS OF SULPHUR. 

Sulphur Moniodide S, I,* 

Sulphur Hexiodide S Ig. 

Sulphur Moniodide, S, I,. Is made by heating Sulphur and Iodine 
together. 

Properties. It is a dark gray crystalline solid. 

Sulphur Hexiodide, S I^. "It is formed when a solution of iodine 

and sulphur in carbon disulphide is evaporated." (Landolt and vom 

Rath.) 

SULPHUR AND BROMINE. 

Bromine Disulphide Br, S,. 

It is prepared by dissolving sulphur in an excess of bromine, and vola- 
tilizing the excess with dry carbonic anhydride. 

Properties. A light red liquid body. 

SULPHUR AND HYDROGEN. 
Hydrogen Persulphide, H, S,. (Composition not well known.) 

Hydrogen Monosulphide, H, S, or Sulphuretted Hydrogen. It is 
best prepared by acting on the sulphides of iron or antimony with dilute 
hydric sulphate or hydric chloride. 

Fe S + H3 SO4 = Fe SO^ + H^ S. 
Sbj S3 -f- 6 H CI = 2 Sb CI, -f 3 Hj S. 

Discovered by Scheele in the year 1777. 

Properties. A colorless gas, of an unpleasant odor, soluble in water, 
to which it imparts acid properties. Bums with a pale blue flame, form- 
ing water and sulphur dioxide. Poisonous when inhaled, and explosive 
when mixed with air and ignited. It may be liquefied at a pressure of 
seventeen atmospheres. This gas will decompose many of the soluble 
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metallic salts, producing mostly black precipitates, the sulphides of the 
metals. 

Sulphuretted hydrogen has a specific gravity of 1.175. ^^^ ^*^^r weighs 
1.52 grms. 100 cubic inches weighs 35 grains. 

PHOSPHORUS. 

Symbol P. Combining weight 31. 

Specific gravity 1.77. Of the vapor 4.32. Of amorphous 2.106. One 
liter weighs 5.542 grms. 

Discovered by Brandt in the year 1669. In 1769, one hundred years 
later, Scheel and Gahn discovered it in bones, and devised a method of 
obtaining it. 

Preparation. Phosphorus is obtained by acting on burned bone or 
tricalcic phosphate, Caj Pg Og, with hydric sulphate, Hg SO4 ; evaporating 
and dissolving out the calcic hydric phosphate with water. This solution 
is now evaporated to dryness and the solid residue fired, when meta- 
phosphate of calcium is formed ; this, when mingled with carbon and silicic 
acid (sand) and subjected to high heat, furnishes phosphorus, which is 
condensed under water. To free it from impurities, it is squeezed through 
charaoix leather while in a liquid condition, under water, and cast into rods. 

Ca3 PaOg + 2 Hj SO4 == 2 Ca SO4 + Ca 2 H^ Pg Og. Ca 2 Hj Pj 
Og + heat = 2 H2 O + Ca P2 Og. Ca P^ Og -[- Si Og + 5 C = 5 CO 
+ Ca Si Og + 2 P. 

Properties. It is a colorless, transparent, waxy solid, melting at 110° 
F. and boiling at 536° F. Soluble in alcohol, ether, oils and carbon 
disulphide. It is very combustible and is to be kept under water. This 
element, though used as a medicine, is very poisonous. Phosphorus exists 
in two well defined allotropic forms, the normal and red, or amorphous^ 

AMORPHOUS PHOSPHORUS. 

This form of Phosphorus was discovered in 1848, by Schrotter, and is 
prepared by heating the normal variety in nitrogen gas for several days, at 
a temperature of 470° F. 

Properties. Insoluble, and having a specific gravity of 2.14. 
OXYGEN COMPOUNDS OF PHOSPHORUS. 

Phosphorus Trioxide P2^3' 

Phosphorus Penioxide ^2^5* 

Both of these are acid oxides, uniting with water, and forming phos- 
phorus and phosphoric acids. There is another oxygen acid of phos- 
phorus, having a less quantity of oxygen, called hypophosphorous acid. 
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Hydrog^en Hypophosphite, H, PO,* or Hypophosphorotts Acid, This 
acid is prepared by first forming barium hypophosphite, and decomposing 
it with hydric sulphate ; barium sulphate remains as an insoluble body, and 
the acid is separated by filtration and concentrated by evaporation. This 
acid forms soluble salts. 

Hydrogen Phosphite, H, POg, or Phosphorous Acid, Prepared by 
decomposing phosphorus trichloride with water ; evaporating and heating 
the residue ; when cold the acid crystallizes. 

Properties. The crystalline acid absorbs moisture and undergoes 
decomposition, hydrogen phosphide and phosphoric acids being formed. 

Hydrogen Phosphate, or Phosphoric Acid, This acid may be con- 
sidered as capable of existing in three conditions, namely : — 

?rihy°&h°o"^\ti'' } 3H, P, O. TriiarU. 

Metaphosphoric Acid, \ x^ t^ r\ n/r i • 

Monohydnc Phosphate, } ^^^^^^^ Monobasic, 

TRIHYDRIC PHOSPHATE, 3H, P, O.. 

Preparation. A solution of calcic hydric phosphate, Ca aH^ P^ O,, is 
treated with ammonium carbonate (N H^)2 COg ; ammonic hydric phos- 
phate is formed, which, when evaporated and heated, suffers decomposition, 
ammonia, N Hg, passing off, and ortho, tribasic or trihydric phosphoric 
acid remains. 

Ca 2H, P, Og + (N HJa COg = Ca COg + (N H J, 2H, P, O.. 
(NHJ, 2H,P2 0g+heat = 2(NH,)+3H,P,Og. 

DIHYDRIC PHOSPHATE, aH, P, O,. 
Preparation. When trihydric phosphate is heated to the proper tem- 
perature in a platinum vessel, one molecule of water is driven off, and 
dihydric phosphate remains. 

SHj Pj Og + heat = Hj O + 2H , Pg O^. 

MONOHYDRIC PHOSPHATE, H, P. O,. 

When orthophosphoric or trihydrated acid is fired, two molecules of 
water are driven off and the monohydnc acid remains. 

3H2 Pa Og + heat = 2Ha O -f H, P, O.. 

This form of acid, sometimes called glacial, may also be made by the 
action of hydric nitrate on phosphorus. 

Test. Molybdate of ammonium in solution with a little hydric nitrate 
gives a yellowish-brown precipitate. 
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Phosphoric Anhydride, Pg O5. This acid oxide is formed when 
phosphorus is burned in dry oxygen. A snow-white solid is produced, 
which has a great affinity for water. 

HYDROGEN COMPOUNDS. 

There are three compounds of hydrogen and phosphorus known. A 

gas Hg P ; a liquid H^ P^ ; a solid Hj P4. 

The Brst named, being of sufficient importance, is the one described. 

Hydrogen Phosphide or PAosphine, Hg P. Discovered in the year 
1783 by Gengembre, and made by the action of water on calcium phos- 
phide, or by heating phosphorus with a solution of potassic hydrate. 
4P-f3KHO + 3H20 = 3KH2P02 + PH,. 

Properties. A spontaneously inflammable gas, burning with a bright 
light, forming water and phosphoric anhydride. It has a garlic-like odor, 
and a specific gravity of 1.24. One liter weighs 1.52 grams. 

COMPOUNDS OF PHOSPHORUS AND CHLORINE. 
These are two in number, and are as follows : — 

Phosphorus Trichloride P CI,. 

Phosphorus Pentachloride PCI5. 

Phosphorus Trichloride, P CI3 is made by passing a steam of dry 
chlorine over phosphorus, heated in a tubulated retort. Condensation in 
a cold receiver furnishes a liquid. 

Properties. It is a liquid, without color, having a specific gravity of i .45 . 

Phosphorus Pentachloride, P CI5. When phosphorus trichloride is 
treated with an excess of chlorine, two more atoms of that gas combine, 
and a yellow crystalline solid results. 

COMPOUNDS OF PHOSPHORUS AND BROMINE. 
There are two of these compounds, and are as follows : — 

Phosphorus Tribromide P Brg. 

Phosphorus Pentabromide P Br^. 

COMPOUND OF PHOSPHORUS AND IODINE. 

Phosphorus Triiodide P Ig* 

The compounds of bromine and iodine with phosphorus are of little 

value, and are of interest only to those who make chemistry an exclusive 

study. 

COMPOUNDS OF PHOSPHORUS AND SULPHUR. 

These are several in number, the following being mentioned, though of 
very little importance : — 

Phosphorus Trisulphide Pj Sj. 

Phosphorus Pentasulphide P2 S^. 
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SELENIUM. 

S3rmbol Se. Combining weight 79.5. Specific gravity 4.3 when 
vitreous, 4.8 when crystallized. 

Discovered by Berzelius in the year 181 7. 

This element, like sulphur, exists in two forms, one crystalline the other 
amorphous, and is found in certain Swedish pyrites. It is obtained by the 
action of water and sulphurous anhydride on selenious acid. 

COMPOUNDS OF SELENIUM AND CHLORINE. 

Selenium Monochloride Sej Clg. 

Selenium Tetrachloride Se CI4. 

These salts are made by processes similar to the chlorides of Sulphur. 
COMPOUNDS OP SELENIUM AND BROMINE. 

Selenium Monobromide Se^ Brj. 

Selenium Teirabromide Se Br^. 

COMPOUNDS OF SELENIUM AND IODINE. 

Selenium, Monoiodide Sej Ig. 

Selenium Tetraiodide , Se I^. 

The iodides of selenium resemble the chlorides and bromides, and are 
made by processes somewhat similar. 

COMPOUNDS OF SELENIUM AND OXYGEN. 

Oxide. 
Selenium Dioxide Se Oj. 

Acids. 

Hydrogen Selenite, \ rr c n 
Selenious Acid, / ^2 ^^ ^^3' 

Hydrogen Selenate, \ rr c n 
Selenic Acid, / "2 ^e u^. 

Selenium Dioxide, Se Oj) is formed when selenium is heated in a 
current of dry oxygen. 

Hydrogen Selenite, Hg Se O3, or Selenious Acid. This acid is made 
by the action of Hydric Nitrate on Selenium. 

Hydrogen Selenate, Hj Se O4, or Selenic Acid, This acid was dis- 
covered by Mitscherlichf in the year 1827, and is obtained by the action of 
chlorine on selenium in the presence of water. 

Se + 6C1 4- 4H2 O = 6H CI -f Hj Se O^ 

TELLURIUM. 

Symbol Te. Combining weight 128. Specific gravity 6.26. Was 
discovered by Klaprotk in 1798, and belongs to the rarer elements. 
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Though sometimes found in small quantities in a free state, it is generally 
met with associated with gold, silver, lead and bismuth, as tellurides. 

Properties. It is a bluish- white body, with a metallic lustre, melting 
at 500°, and combining with hydrogen, chlorine, bromine, iodine, fluorine, 
oxygen and sulphur, forming compounds similar to those of selenium. 

Carbon, sulphur, phosphorus, selenium and tellurium, though belonging 
to the non-metallic group of elements, from the similarity of their chemical 
and physical constituents, are sometimes called combustibles. 

ARSENICUM. 
Symbol As. Combining weight 75. Specific gravity 5.7. 

Discovered by A. Schrosder in the year 1694. 

Though sometimes found native, it generally occurs as a compound in 
minerals, combined with metals, sulphur and oxygen. As an oxide it has 
been found in minute quantities in the water of many mineral springs. 

Preparation. This element is usually prepared by sublimation from the 
sulph-arsenide of iron, known as mispickel (Fe As S), iron sulphide re- 
maining, and the arsenic condensing in a crystalline form. It is purified 
by re-sublimation. 

Fe As S + heat r= Fe S + As. 

Properties. Arsenic is volatile, crystalline and brittle; has a high 
metallic lustre, and a steel-gray color. 

ARSENIC TRICHLORIDE, As CI,. 
Preparation. It is obtained by passing dry chlorine over heated 
arsenic ; or, by heating to the boiling point of water 40 parts of arsenic 
trioxide with 100 of hydric sulphate, in an apparatus connected with a well 
cooled receiver. Small pieces of fused sodium chloride are then carefully 
thrown in, when the chloride distills over. 

12 H CI -f 2 ASa O3 = 4 As CI, + 6 H^ O. 

(Roscoe and Schdrlemmer). 
Triiodide As 1 3, Tribromide As Br,, and Trifluoride of arsenic 
are also known, but are interesting only to the advanced chemical student. 

ARSENIC AND SULPHUR. 
There are three sulphides of arsenic, and are as follows: — 

Arsenic Disulphide {Realgar) Asj Sj. 

Arsenic Trisulphide (Orpiment) ASj S,. 

Arsenic Pentasulphide As, Sg. 

Arsenic Disulphide, As, S,. Found native as realgar ; is prepared 
chemically by heating arsenic acid with the proper quantity of sulphur. 
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Arsenic Trisulphide, Asg S,. Found native as orpiment ; is prepared 
chemically by precipitation ; hydrogen sulphide being passed into a solu- 
tion of arsenious acid. 

Arsenic Pentasulphide, As 2 O 5, is best prepared by fusing the tri« 
sulphide in proper amount with sulphur. 

ARSENIC AND OXYGEN. 
Arsenic combines with oxygen in two proportions, producing two acid- 
forming oxides, viz : — 

Arsenic Trioxide Asj O3. 

Arsenic Pentoxide Asj O5. 

Arsenic Trioxide, As 2 Og, or Arsenious Oxide, This poisonous body 
is generally obtained by roasting arsenical minerals, particularly mispickel. 
The impure arsenious oxide thus prepared is then re-sublimed. 

Properties. It is dimorphous, that is, it exists in two forms, the 
vitreous and opaque. Arsenious oxide crystallizes in regular octahedra, 
or in tetrahedra. It is slightly soluble in cold water, the vitreous being 
more so than the other variety. It is almost without taste, when in solution, 
and slightiy reddens litmus blue. Specific gravity 3.738. 

Arsenic Pentoxide, As 2 O5, or Arsenic Oxide. When powdered 
arsenious oxide is dissolved in hot hydrochloric acid, and oxidized by the 
addition of nitric acid, the latter being added as long as red vapors are 
produced, the whole then cautiously evaporated to complete dryness, and 
the residue heated to low redness, arsenic oxide, As 2 O 5, remains, in the 
form of a white anhydrous mass which has no action on litmus. In water 
it dissolves slowly but completely, giving a highly acid solution, which, 
on being evaporated to a sjrrupy consistence, deposits, after a time, hydrated 
crystals of arsenic acid, As O4 H,. 

All of the compounds of arsenic, when taken internally, are poisonous, 
and if applied locally, cause excitation. 

Tests. When arsenic is present in an appreciable quantity, the follow- 
ing liquid tests will respond, as follows, viz : — 

Ammonio.Argentic Nitrate solution. t Yellov) 

Result — (Arsenite of Silver). \ precipitate. 

Ammonio-Cupric Sulphate solution. c Green 

Result — (Arsenite of Copper). \ precipitate. 

Hydrogen Sulphide solution. r Yellow 



Result — (Arsenic Sulphide). . \ precipitate. 



{ 
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Reinsch's is the addition of hydric chloride, application of heat, and 
immersing a small sheet of clean copper foil in the liquid. A steel-gray 
coating forms on the surface of the copper. 

Marsh's is the formation of arseniuretted hydrogen^ lighting it, and 
cooling its flame on the surface of cold, white porcelain ; a blackish spot 
is produced, which, if arsenic, will dissolve in a solution of sodium hypo- 
chlorite. 

This test has been modified, and consists in passing a stream of the dry 
gas through a horizontal tube of hard glass, which can be heated at any 
point along its length ; the result being the formation of a black ring just 
beyond the point of heating. The tube is now to be cut of the proper 
length, care being taken that it shall contain the ring, and heat applied ; 
it quickly disappears, a white ring forming on a cool part of the tube, 
which the microscope shows to be composed of octahedral crystals. 

Hydrogen Arsenide, As Hg, or Arseniuretted Hydrogen, 

Preparation. This gas can be obtained by the combined action of 
pure metallic zinc, arsenious oxide, water and hydrogen sulphate. 
6Zn 4- 6H2 SO4 4- Asa Og = 6Zn SO4 -f 3H2 O -f 2As Hg. 

Properties. It is an extremely poisonous gas, without color, and of a 

garlicky odor. 

Reduction. When a mixture of an arsenical salt and powdered black 
flux* is heated in a closed tube of glassf , arsenic, in its elementary form, 
is deposited as a black ring, some little distance above the heated mass. 
When the closed end is cut, the contents shaken out, and heat applied to 
the ring, it will disappear, a white one forming on a cooler part ; if now 
examined under the microscope, octahedral crystals of arsenious oxide 
will be seen. 

BORON. 

Symbol B. Combining weight ii. Specific gravity 2.68. 

Discovered in the year 1807, by Davy. 

Preparation. Amorphous boron is obtained by heating the double 
fluoride of boron and potassium with sodium. It is a dark, greenish- 
brown powder. By dissolving it in melted aluminium, cooling, and 
removing the aluminium by hydrogen chloride, a crystalline variety is 
prepared, which varies in color from yellow to light red. 

* Black flux is prepared hyhxxTaxng Potassium acid tartrate , H K (C4 H^ 0«), In a 
crucible. Chemically it is an intimate mixture of carbon and potassium carbonate. 

t Glass tubing used in arsenic examinations should be entirely free from lead. 
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Properties. Nearly as hard and refractive as the diamond. Infusible 
in the oxy-hydrogen flame, but bums in oxygen. 

A trichloride B CI3, tribromide B Br, and trifluoride B F,, are com- 
pounds of boron known to exist, and are obtainable by appropriate 
methods. 

BORON AND OXYGEN. 

There is but one oxide of boron, viz : boric oxide Bj O,. 

HYDROGEN BORATE, H, B 0„ or BORACIC ACID. 

Discovered in the year 1702, by Homburg, It is found in the waters 
of the hot springs of Tuscany, but can be obtained chemically by decom- 
posing a solution of sodium biborate with hydric sulphate. 

Properties. It crystallizes in colorless scales, soluble in water and 
alcohol. 

SILICON. 

Symbol Si. Combining weight 28. Specific gravity 2.49. 
Discovered in the year 1825, by Berzelius, 

Preparation. Amorphous Silicon. When well dried sodium fluo- 
silicate is heated with half its weight of metallic sodium, sodium fluoride is 
formed, and silicon set free. 

Na^ FI2 Si FI4 -}- 4Na = 6Na Fl + Si (Wurtz). 

Deville and Caron obtained a crystalline variety by heating a mixture 
of potassium and sodium double fluoride, zinc and sodium^ 

SILICIC ANHYDRIDE, Si 0„ or SILICA. 

Preparation. It is prepared by burning silicon, or dehydrating silicic 
acid. 

Properties. As obtained chemically, silica is a white amorphous 
powder. Found native as quartz, agate, chalcedony, cornelian, flint, sand, 
etc. It has a specific gravity of 2.6, is insoluble in water, and enters into 
the composition of glass. 

HYDROGEN SILICATE, H« Si O4, or SILICIC ACID. 
Discovered by BuffzxA Wokler, 

Preparation. This acid may be prepared by the action of water on 
silicon fluoride, or by decomposing a soluble alkaline silicate with an acid. 

Properties. It is a colorless, tasteless liquid ; slightly acid, and liable 
to gelatinize. 

Silicon forms compounds with the electro-negative elements. Chlorine, 
Iodine, Bromine and Fluorine. 

D 
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CHEMISTRY OF THE METALS. 

The second group, or metals, contains the largest number of elements. 
Several were known to the ancients, but most of them were discovered 
during the eighteenth century. 

CLASSIFICATION OP METALS. 

Metals have been classified, according to their atomicity or quantiva- 
lence, into several classes ; and these classes divided into groups, the 
members of each group having certain chemica.1 and physical chaiacters 
in common. 



C/ats jst. Monad Metals. 


Class 2d, Dyad Metals. 


Class 3d, Triad Metals. 


Potassium. 


Calcium. 


Gold. 


Sodium. 


Strontium. 


Thallium. 


Lithium. 


Barium. 




Rubidium. 


Glucinum. 




Caesium. 


Yttrium. 




Silver. 


Lanthanum. 

Didymium. 

Erbium. 

Thorinum. 

Magnesium. 

Zinc. 

Cadmium. 

Copper. 

Mercury. 




Class 4th, Tetrad Metals. 


Class sth. Pentad Metals. 


Class 6th, Hexad Metals. 


Titanium. 


Vanadium. 


Tellurium. 


Tin. 
Aluminium. 


Antimony. 
Bismuth. 


Chromium. 
Molybdenum. 


Zirconium. 


Niobium. 


Tungsten. 


Rhodium. 


Tantalum. 




Ruthenium. 






Palladium. 






Platinum. 






Iridium. 






Osmium. 






Lead. 






Manganese. 
Iron. 






Cobalt. 






Nickel. 






Cerium. 






Indium. 






Uranium. 
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Physical Properties. The most striking is their lustre, color, density, 
malleability, ductility, and high melting point. The metals are electro- 
positive and good conductors of heat and electricity. 

Chemical Properties. The formation of alloys and amalgams. Their 
uniting with the electro-negative elements, especially oxygen, producing 
compounds that may be oxides, acids, alkalies, alkaline earths, and 
earths. 

CLASS 1ST, MONAD METALS. 

POTASSIUM. 

Symbol K (Kallium). Combining weight 39.1. Specific gravity .865. 

Preparation; Potassium is obtained by heating, in a proper vessel, a 
mixture of potassium carbonate and carbon. The metal is condensed, 
carbon monoxide passing off as a gas. The operation is attended with 
some danger, and therefore requires skillful attention. 

Properties. Potassium is a white metal, with considerable lustre ; at 
ordinary temperatures it is soft, and can be easily cut, but at 0° it is hard 
and crystalline. It melts at 62.5° and distills at a red heat. 

Potassium promptly oxidizes when exposed to the air, and is, therefore, 
to be kept under naphtha. When thrown upon water it takes fire, and 
burns with a purple flame. 

POTASSIUM CHLORIDE, K CI. 

Preparation. It can be obtained from sea water by the process of M. 
Balard. Considerable quantities are procured from the salt beds near 
Staasfurt, Germany, where it exists associated with magnesium as a double 
chloride of potassium and magnesium as a natural deposit. This salt is 
also formed in large quantity in the manufacture of potassium chlorate. 

Properties. Potassium chloride resembles sodium chloride in color, 
taste and crystalline form. It is soluble in water, fuses at a red heat, and. 
volatilizes at a higher temperature. Its specific gravity is 1.9. 

POTASSIUM BROMIDE, K Br. 

Preparation. This salt, together with the bromate, is obtained when 
potassic hydrate is added to the ethereal solution of bromine, which is 
made in one of the steps for procuring bromine, as already described. 
(See Bromine.) 

Properties. This salt is without color, very soluble in water, and 
crystallizes in cubes, which have a saline taste. 
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POTASSIUM IODIDE, K I. 
Preparation. This salt, together with the iodate, is formed in the 
manufacture of iodine. (See Iodine, page 22.) 

Properties. Potassium iodide crystallizes in cubes, which are gener- 
ally of a milk-white color; they are without water, and fusible by heat. 
This salt is soluble in water, and dissolves free iodine in considerable 
quantity. 

OXYGEN COMPOUNDS OF POTASSIUM. 
There are three oxygen compounds of potassium : — 

Potassium Monoxide Kg O. 

Potassium Dioxide K3 Oj. 

Potassium Tetroxide ^ Kg O4. 

POTASSIUM MONOXIDE, K, O. 
Preparation. This compound is formed when potassium in thin pieces 
is exposed to perfectly dry air that is free from carbon dioxide. 

Properties. It is a whitish substance, very deliquescent and caustic ; 
unites with water with great energy, forming potassium hydrate. 

Potassium Dioxide, Kg Oj, and Potassium Tetroxide, Kg O4. 
These two substances are but little known. 

POTASSIUM HYDRATE, K H O. 
Preparation. This important compound is formed by the action of 
calcium hydrate on a boiling solution of potassium carbonate. 
Ka CO3 + Ca O, Ha O = Ca CO3 + 2 K H O. 
Calcium carbonate remains as an insoluble substance, together with the 
excess of lime ; the potassium hydrate in solution, with some lime, is 
drawn off and evaporated. Thus prepared it is impure, from the presence 
of lime ; to purify it, dissolve in alcohol, evaporate in silver vessel, melt, 
and pour into moulds. 

Properties. It is a white substance, soluble in water and alcohol, very 
caustic, and the strongest of the alkaline bodies. It has a density of 2.1 
rapidly combines with carbonic acid, and is therefore to be kept excluded 
from the air. It also absorbs moisture with avidity. 

POTASSIUM CARBONATES. 
There are two carbonates of potassium, both being well known. One is 
neutral, the other acid. 

POTASSIUM NEUTRAL CARBONATE, K, CO,. 

Preparation. It is obtained from wood ashes by exhausting with water, 
filtering, evaporating, and calcining. This variety is purified by making a 
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solution, filtering, and evaporating, when the carbonate crystallizes out. A 
pure form may be prepared from the potassium acid tartrate by burning, 
making a solution, filtering and crystallizing. The form of carbonate may 
also be obtained by proper means from the native potassium chloride. 

Properties. This salt is very deliquescent, and soluble in water; 
furnishing a highly alkaline solution. 

POTASSIUM ACID CARBONATE, K H CO,. 

Preparation. This compound of potassium is prepared by passing a 
stream of carbonic acid through a solution of the neutral carbonate. 
Evaporation furnishes a white crystalline body, not quite as soluble as the 
preceding salt. 

Properties. Potassium acid carbonate furnishes a solution nearly 
neutral to test paper. It is decomposed by heat, giving off carbonic anhy- 
dride. 

POTASSIUM NEUTRAL SULPHATE, K, SO«. 

Preparation. When nitric acid is made from potassium nitrate by the 
action of sulphuric acid, an acid potassium sulphate remains in the retort ; 
this, when neutralized with potassium carbonate, furnishes the neutral 
sulphate. 

Properties. Its crystals are four-sided prisms, anhydrous, and require 
a high heat for their fusion. They are not very soluble in water, and are 
insoluble in absolute alcohol. 

POTASSIUM ACID SULPHATE, K H SO4. 

Preparation. This salt is prepared by heating the neutral sulphate 
with strong sulphuric acid. A saturated solution in hot water will deposit 
rhombo-octahedral crystals. 

Properties. This salt is more soluble than the neutral one, and fur- 
nishes an acid solution. 

POTASSIUM NITRATE, K. N, O., or K N O,. 

Preparation. This salt may be obtained by several methods ; the more 
common is to decompose sodium nitrate or (chile saltpetre) by a hot con- 
centrated solution of potassium carbonate ; concentration by evaporation 
furnishes, first, sodium carbonate, and lastly potassium nitrate. 

Properties. This salt crystallizes in anhydrous, six-sided prisms; it 
has a saline taste, is very soluble in hot, and less so in cold water. It 
melts at a temperature below redness, and is completely decomposed at a 
higher degree. 
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POTASSIUM CHLORATE, K, CI. O., or K CI O,. 

Preparation. This compound of potassium is prepared by passing a 
stream of chlorine into a warm solution of potassium carbonate, until the 
gas is no longer absorbed. After a moderate concentration by heat and 
then cooling, potassium chlorate crystallizes out. Obtained in this manner 
the salt is impure, and requires one or two re-crystallizations. 

6Ka CO3 + 12CI = loK CI + 6CO2 -f Kg CI, Og. 

Properties. The crystals of this salt are anhydrous, flat, and tabular ; 
they are decomposed by heat, giving oflf all of their oxygen. Potassium 
chlorate is slightly soluble in cold, and more so in hot water. 

POTASSIUM CHROMATE, K, Cr O4. 

Preparation. This salt is made by heating the native chrome iron ore 
with potassium nitrate. A watery solution, after filtration and evaporation, 
yields this compound. 

Properties. It is a yellow salt, anhydrous, and soluble in water. 

POTASSIUM ACID CHROMATE, K, Cr, O7. 
Preparation. This salt is obtained by adding hydric sulphate to a 
concentrated solution of the chromate ; one-half of the potassium is re- 
moved, and after concentration potassium acid chromate slowly crystallizes 
out. 

Properties. Potassium acid chromate is red in color, and easily melted ; 
it is soluble in water, the solution having an acid reaction. 

POTASSIUM PER MANGANATE, K, Mn, O,. 

Preparation. This salt is prepared by throwing potassium manganate 
into a quantity of water ; hydrated manganese dioxide falls, and potassium 
permanganate remains in solution. Evaporation will furnish the salt in a 
crystalline form. 

Properties. The crystals have a dark, purple-brown color, are very 
soluble in water, imparting to that liquid a beautiful purple color. 

COMPOUNDS OP SULPHUR WITH POTASSIUM. 

There are five sulphides of potassium, having the following composition 
and symbols : — 

Potassium Monosulphide Kg S. 

Potassium Disulphide K, S,. 

Potassium Trisulphide Kg S3. 

Potassium Tetrasulphide K, S4. 

Potassium Pentasulphide K, S5. 
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POTASSIUM MONOSULPHIDE, K, S. . 

Preparation. This sulphide is said to be formed when hydrogen is 
passed over heated potassium sulphate. 

POTASSIUM DISULPHIDB, K, S,. 
Preparation. When a solution of potassium sulph-hydrate has been 
exposed to the air long enough to become cloudy, and then evaporated in 
vacuo, this sulphide is obtained. 

POTASSIUM TRISULPHIDE, K. S,. 

Preparation. Potassium trisulphide is obtained when the vapor of 
carbon disulphide is passed over heated potassium carbonate. 

POTASSIUM TETRASULPHIDE, K, S4. 

Preparation. This sulphide is prepared by passing hydrogen sulphide 
into a melted mixture of potassium carbonate and sulphur. 

POTASSIUM PENTASULPHIDE, K, S,. 

Preparation. The pentasulphide is formed when a solution of either 
of the other sulphides is*boiled with an excess of sulphur. 

POTASSIUM FERRO-CYANIDE, K« Fe Cy.. 

Preparation. This compound is prepared by burning in iron vessels, 
at a red heat, nitrogenous organic matter, with potassium carbonate and 
iron filings, care being taken to have an excess of iron. The charred 
mass is thrown into hot water, which dissolves the ferro-cyanide, and 
when filtered and evaporated, furnishes the crystals. 

Properties. It is a yellow salt, soluble in water, and difficult to 
powder. 

POTASSIUM PERRI-CYANIDE, K, Fe Cy.. 

Preparation. This salt, which is sometimes called red prussiate of 
potash, is made by passing chlorine through a cold solution of potassium 
ferro-cyanide until the liquid becomes a deep red color. Filtration and 
evaporation will furnish crystals of this beautiful salt. 

Properties. It is a dark red crystalline salt, soluble in water, and 
burns when introduced into a fiame. 

POTASSIUM CYANIDE, K Cy. 

Preparation. This salt is made by heating a mixture of ferro-cyanide 
and carbonate of potassium. Pouring off the upper portion of the fluid 
mass, so that the iron may remain. Prepared in this manner, it will contain 
a little cyanate. 
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Properties. , It is a white, solid mass, capable of being crystallized, is 
soluble in water, and does not decompose at low heat. 

The salts of potassium are recognized by the following tests : — 

A solution of Hydrogen Tartrate — White precipitate. 

A solution of Platinic Chloride — Orange-yellow precipitate. 

Fluo-silicic Acid — White precipitate. 

Perchloric Acid — White precipitate. 

SODIUM. 

Symbol Na. Combining weight 23. 
Specific gravity 0.972. 

Discovered by Davy in the year 1808. 

Preparation. An intimate mixture of dry sodium carbonate, charcoal 
and chalk are introduced into a proper vessel and heat applied. The 
sodium distills over and is condensed. 

Properties. This metal is soft, and has a silvery lustre ; it melts at a 
low temperature and distills at a red heat. Sodium is less strong in its 
affinity for oxygen than potassium. • 

OXYGEN COMPOUNDS OP SODIUM. 
There are two oxides of sodium, also a hydrate. 

Sodium Monoxide Nag O. 

Sodium Dioxide Naj Oj. 

Sodium Hydrate Na H O. 

SODIUM MONOXIDE, Na, O. 

Preparation. This oxide is made by heating sodium hydrate with 
metallic sodium. 

Properties. It is a gray- colored mass that melts at a red heat. 

SODIUM DIOXIDE, Na, O,. 

Preparation. This oxide is prepared by heating metallic sodium in a 
current of dry oxygen. 

Properties. It is white, and soluble in water. When a solution is 
evaporated in a vacuum, crystalline plates are formed. 

SODIUM HYDRATE, Na H O. 

Preparation. This compound is formed by decomposing sodium 
carbonate in solution, by calcium hydrate. 

Calcium carbonate is formed and falls as a precipitate, sodium hydrate 
remaining in solution ; this solution is treated in the same manner as for 
making potassium hydrate. 

Naj COj + Ca O, H^ = 2Na H + Ca CO,. 
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Properties. It is a white, fusible body, having properties similar to 

potassium hydrate. 

SODIUM CHLORIDE, Na CI. 

This well known substance is found native in beds in many parts of the 
earth, also in solution in the waters of salt springs and wells. It is obtained 
from these sources by evaporation. 

Properties. Common salt, when pure, crystallizes in cubes that are 
anhydrous. It is soluble in water, insoluble in absolute alcohol. 

SODIUM BROMIDE, Na Br. 
Preparation. This compound of sodium is obtained by acting on bro- 
mine with sodium hydrate, as in making potassium bromide ; the reaction 
being similar. 

Properties. These are almost identical with the corresponding potas- 
sium compound. 

SODIUM IODIDE, Na I. 

Preparation. Sodium Iodide is prepared by a process similar to that 
for obtaining potassium iodide. 

Properties. Similar to Potassium Iodide. 

SODIUM CARBONATES. 

These are three in number ; the two of importance have the following 
names and symbols : — 

Sodium Carbonate Nag CO3 + loH^ O. 

Sodium Dicarbonate Na H CO3. 

SODIUM CARBONATE, Na, CO, -|- loH, O. 
Preparation. This important salt is obtained by a process devised by 
Leblanc, and consists in converting the chloride of sodium into the sul- 
phate ; this is then mixed with calcium carbonate and carbon, and sub- 
jected to high heat. 

The black ash is thrown into warm water, and from this solution, after 
filtration and concentration, crystals of the carbonate are obtained. 

Properties. It is a crystalline solid body, having ten molecules of 
water of crystallization. Sodium carbonate is soluble in water, the solu- 
tion having a strong alkaline reaction. 

SODIUM DICARBONATE, Na H CO,. 
Preparation. This salt, generally known as the Bicarbonate of soda, 
is made by passing a stream of carbonic anhydride into sodium carbonate 
contained in a large box which has a perforated false bottom. Nine mole- 
cules of water are discharged, and the Bicarbonate remayis. 



, J a J J > ' ' 



^^ - 1 ■• 



60 CHEMISTRY. 

Properties. This salt is less soluble than the carbonate ; its solution 

being feebly alkaline. 

SODIUM SULPHATES. 

These are two in number and have the following names and symbols : — 

Sodium Sulphate Nag SO4. 

Sodium Disulpkate {Xc\(\) Na H SO^. 

SODIUM SULPHATE, Na, SO4. 
Preparation. This sulphate, commonly known as Glauber's Salt, is 
obtained by adding dilute hydrogen sulphate to a solution of the carbonate. 
Na^ CO3 + H2 SO4 = Na^ SO^ + H^ O + COa- 

Properties. It is a crystalline salt, having 10 molecules of water of 
crystallization. Sodium sulphate is efflorescent, very soluble in cold, but 
more so in hot water. 

SODIUM DISULPHATE, Na, SO4 H, SO4 + 3H, O. 
Preparation. This salt is obtained by adding to 10 parts of the anhy- 
drous neutral sulphate 7 of oil of vitriol, evaporating the whole to dryness, 
and gently igniting (Fownes.) 

Properties. It does not deliquesce, but when heated undergoes de- 
composition. 

SODIUM HYPOSULPHITE, Na, S, O,. 

Preparation. This salt, which is used so largely in photography, is 
obtained by gently boiling a solution of the neutral sodium sulphite with 
sulphur. Slow evaporation at a low heat will furnish the salt in a crystal- 
line form. 

Properties. It is a crystalline body, soluble in water, and used in 
photography for its solvent power of the undecomposed salts of silver. 

SODIUM SULPHIDE, Na, S. 
Preparation. It is made by a process similar to that for obtaining 
potassium monosulphide. 

Properties. Similar to the corresponding potassium salt. 

SODIUM PHOSPHATES. 
Each of the three forms of phosphoric acid possess the power to form a 
salt or salts with sodium; thus, if we view ortho-phosphoric acid as 
combined with three molecules of hydrogen, each may be replaced by 
sodium, and form three different orthophosphates having the following 
composition, as expressed in symbols. Nag 2H2 Pg Og — 2Na2 ^2 ^2 
Og — sNaj Pj Og. The first of these is acid, the second neutral, and 
the third alkaline. 
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Pyrophosphoric acid having two molecules of hydrogen in combination, 
can therefore form but two salts witlv sodium by the displacement of 
hydrogen; as, Nag Hj Pg O^ and 2 Nag P2 O^. 

Metaphosphoric acid has but one molecule of hydrogen in combination, 
and can therefore form but a single salt with sodium ; as, Na2 P2 Og. 

SODIUM ORTHOPHOSFHATES, aNa, H^ P, O,. 

Preparation, When a slight excess of sodium carbonate is added to a 
solution of dihydrogen calcium phosphate, calcium carbon precipitates, 
and in the solution is the salt, which can be obtained by evaporation. 
Ca 2H2 Pj Og + 2Na2 CO3 = Ca CO, + H20-hC02-h2Na2H2P208. 

SODIUM METAPHOSPHATE, Na, P3 O,. 

Preparation. This salt is prepared by heating the disodium ammonium 
hydrogen phosphate. 
Na2 2(NH J H2 P2 O, + heat = 2(NH,) + 2H2 O + Na2 P2 0^. 

Properties. It is a' classy, crystalline solid body. 

DISODIUM AMMONIUM HYDROGEN PHOSPHATE, 

Na, a(NH J H, P, O,. 

Preparation. When ammonium chloride is added to a concentrated 
solution of disodium hydrogen phosphate, sodium chloride separates ; the 
liquid when concentrated yields the salt in a crystalline form, which is 
commonly known as Microcosmic salt. 

2Na2 H2 P2 Og -i- 2(NH4) CI = 2Na CI + Na^ 2(NH4) Pg Og. 

Properties. This salt contains four molecules of water of crystalliza- 
tion, which are driven off by moderate heat, but if subjected to a higher 
temperature it undergoes decomposition ; ammonia and water passing off, 
and sodium metaphosphate remains. Microcosmic salt is largely used in 
blow-pipe experiments. 

SODIUM BORATES. 

These are two in number, and have the following names and composi- 
tion : — 

Sodium Bora/e Naj B.^ O^. 

Sodium Diborate {Borax)., Naj Bj O4, Bg O3 -j- loHg O. 

SODIUM BORATE, Na, B, O4. 

Preparation. This salt is obtained by fusing combining weights of 
borax and sodium carbonate. 

Nag B2 O^ B2 O5 + Naj COj = 2Na2 B2 O^ + CO,. 
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SODIUM DIBORATE (BORAX), Na, B, 0« B, O, + loH, O. 
Preparation. This salt is largely prepared, in the United States, by 
decomposing the native Calcium diborate with sodium carbonate. Calcium 
carbonate falls as an insoluble body, the borax remaining in solution. 
Evaporation will furnish the crystalline diborate. 

Properties. Borax is a crystalline salt which effloresces in the air. It is 
soluble in 20 parts of cold and 6 of boiling water; when heated moderately 
it parts with its water of crystallization, and if a higher temperature is 
applied it melts ; on cooling it presents a vitreous appearance. 

Test. For the sodium salts, is meta-antimoniate of potassium ; gives a 
white precipitate. 

LITHIUM. 

Symbol Li. Combining weight 7. Specific gjravity 0.59. 

Discovered by Arfwedson in the year 18 17. 

Preparation. This element can be prepared from the chloride, by first 
fusing, and then decomposing with galvanic electricity. 

Properties. This metal is the lightest of all solids. It is white, like 
sodium, and melts at 356° F. 

COMPOUNDS OF LITHIUM WITH OXYGEN. 
LITHIA, or LITHIUM MONOXIDE, Li, O. 
Preparation. This compound is obtained by heating the metal, or by 
boiling the carbonate with milk of lime, evaporating to dryness and heating 
in a silver vessel. 

Properties. It is a white, caustic, crystalline body ; melts at a white 
heat, and is insoluble. 

LITHIUM HYDRATE. Li H O. 

Preparation. When the monoxide is thrown into the water, this 
compound results: — 

Lia O + H2 O = 2Li H O. 

Properties. It resembles caustic soda or sodium hydrate. 
A crystalline hydrate is said to have been made, having the following 
symbol : — 

LiHO + HjjO. 

LITHIUM CHLORIDE, Li CI. 

Preparation. This compound is formed by treating lithium carbonate 
with hydrogen chloride. By evaporation over hydrogen sulphate the 
crystalline salt is obtained. 
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Properties. It melts at a low heat, has a specific gravity of 2.074, and 
IS one of the most deliquescent bodies known. 

LITHIUM SULPHATE (NORMAL), Li, SO4 + H, O. 

Preparation. This salt is formed when hydrogen sulphate is added to 
lithium carbonate. 

Properties. It crjrstallizes in plates, and is soluble in water and 
alcohol. 

LITHIUM HYDROGEN SULPHATE, Li H SO«. 

This salt is known, but is of little importance. 

LITHIUM NITRATE, Li, N, 0„ and LITHIUM PHOSPHATE, sLi, P, O,. 

These salts are also known, but are interesting only to advanced students 
of chemistry. 

LITHIUM CARBONATE, Li, CO,. 

Preparation. This compound is formed when a saturated solution of 
lithium chloride is adde^ to one of ammonium chloride. 

2Li CI + (NH^)2 CO3 = 2(NH^) CI + Lij, CO,. 

Properties. It precipitates as a crystalline powder, which is slightly 
soluble in water. 

Test. The salts of lithium color a flame a blood red. 

CESIUM. 

Symbol Cs. Combining weight 133. 

Discovered by Bunsen and Kirchhoffva. the year i860. 

Preparation. This metal has not as yet been obtained in the pure 
state. It forms a double salt with platinum tetrachloride, like potassium, 
but is less soluble than the corresponding potassium salt. The hydrate of 
csesimn is a powerful alkali, and when in the presence of carbonic acid, 
combines with it, forming, first, a carbonate, and then a bicarbonate, both 
being soluble in absolute alcohol. 

RUBIDIUM. 

Symbol Rb. Combining weight 85.4. 
Specific gravity 1 .52. 

Discovered by Bunsen and Ktrchhoff in the year 1861. 

Preparation. This metal is obtained in a manner similar to potassium, 
the same precautions being necessary. Rubidium tartrate is first charred, 
and then heated to whiteness in an iron tube. 
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Properties. It is a silvery white metal. At a moderate temperature it 
is soft, but when heated to ioi° F. it melts, and emits a blue vapor. 

RUBIDIUM MONOXIDE, Rb. O. 

Preparation. This compound can be prepared by burning the metal 
in dry oxygen. 

RUDIDIUM HYDRATE, Rb H O. 

Preparation. The hydrate is best prepared by adding baryta- water to 
a solution of rubidium sulphate, filtering, and evaporating to dr3mess in a 
silver vessel. 

Properties. It is a grayish-white, deliquescent mass. Roscoe and 
Schorlemmer. 

The following salts of rubidium, with their symbols as given below, are 
known, and can be prepared by the proper methods : — 

Rubidium Chloride Rb CI. 

Rubidium Chlorate Rbj Clj ^e* 

Rubidium Sulphate Rbj SO4. 

Rubidium Nitrate Rbj Ng Og. 

Rubidium Carbonate Rbj CO3. 

Test. The salts of this metal color a non-luminous flame blood red. 

SILVER. 

Symbol Ag (Argentum). Combining weight 108. 
Specific gravity 10.5. 

Preparation. This metal is obtained from its ores by crushing to a 
fine powder, salting and amalgamating ; the mercury is driven off by heat 
and the silver remains ; or by roasting with sodium chloride, and decom- 
posing with scrap iron. From argentiferous galena, by obtaining the lead, 
and resorting to Pattinson's method. (See any good work on Metallurgy.) 

Silver can be obtained nearly pure from silver coin, by forming the 
nitrates of silver and copper with hydrogen nitrate, decomposing these by 
sodium chloride, washing out the soluble copper salt, and heating the 
silver chloride, mixed with argols, to fusion. 

Properties. Pure silver is perfectly white in color, and possesses a 
high degree of lustre ; it is very malleable and ductile, and is one of the 
best conductors of heat and electricity known. It melts at 1873° ^•y ^^^ 
not oxidize in the air, but when melted absorbs oxygen to the extent of 
several times its volume. 
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COMPOUNDS OF SILVER WITH OXYGEN. 

These are three in number, and have the following names and symbols. 
The first is the only one having a well defined existence, and capable of 
forming salts : — 

Monoxide or Argentic Oxide Agj O. 

Argentous Oxide Ag^ O. 

Silver Dioxide Agj Oj. 

SILVER MONOXIDE, or ARGENTIC OXIDE, Ag. O. 
Preparation. This oxide is obtained by adding a solution of potassium 
hydrate to a solution of silver nitrate. 

Aga N2 Oe + 2K H O = Ka N^ O, + Ag^ O. 

Properties. It is pale brown in color, soluble in ammonia, and is a 
strong base. 

COMPOUNDS OF SILVER WITH CHLORINE. 

There are two of these compounds known ; one has two atoms of silver 
to one atom of chlorine, the other having the proportion of one to one. 
Their names and symbols being as follows : — 

Silver Monochloride or Argentic Chloride Ag CI. 

Argentous Chloride Ag^ Clj. 

SILVER MONOCHLORIDE, or ARGENTIC CHLORIDE, Ag CI. 

Preparation. This chloride is precipitated when a soluble chloride is 
added to a solution of Silver Nitrate. 

Properties. It is a white precipitate, insoluble in water and hydrogen 
nitrate. Silver chloride undergoes decomposition by light, especially if 
organic matter is present. Also by nascent hydrogen, if that element be 
liberated in its presence. This chloride is freely soluble in ammonia, also 
in a solution of potassium cyanide and sodium hyposulphite. 

ARGENTOUS CHLORIDE, Ag^ CI,. 

Preparation. This salt is prepared by adding hydrogen chloride to 
argentous oxide. 

Ag^ O + 2H CI = Ha O + Ag^ Cl^. 

Properties. It is decomposed by heat, and converted into silver mono- 
chloride and silver. 

SILVER IODIDE, Ag L 

Preparation. This compound falls as a precipitate, when a solution of 
potassium iodide is added to a solution of silver nitrate. 

Aga N2 Og -f 2K I = Kg Na Og + 2Ag I. 
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Properties. It is a yellow precipitate, insoluble in ammonia, but freely 
so in a solution of potassium qranide. 

SILVER BROMIDE, Ag Br. 

Preparation. This compound falls as a precipitate when a solution of 
potassium bromide is added to a solution of silver nitrate. 

Aga Nj Oe + 2K Br = K, Nj, O^ + 2Ag Br. 

Properties. It is a yellow-white precipitate, insoluble in water, but by 
an excess of ammonia, or in a solution of potassium cyanide, it quickly 
dissolves. 

SILVER NITRATE, Ag, N, O.. 

Preparation. This salt is prepared by adding hydrogen nitrate to 
metallic silver, evaporating and crystallizing. 

6Ag -f 4Hj N^ Oe = 4H2 O + N, O, + 3Ag, N, O^. 

Properties. This compound of silver crystallizes in colorless, trans- 
parent, anhydrous tables; it is soluble in water and alcohol. When 
melted and cast into sticks it constitutes the lunar caustic of the surgeon. 
This salt blackens if exposed to sunlight, and is one of the ingredients of 
indelible ink and of most hair dyes. 

SILVER SULPHATE, Ag, SO«. 

Preparation. This compound is prepared by the direct action of 
hydrogen sulphate on metallic silver, with the application of heat. 

2Ag -I- 2H2 SO4 = 2H2 O -f Aga SO4. 

Properties. It is a crystalline body, slightly soluble in water, and if 
brought into contact with copper, undergoes decomposition, copper sulphate 
being formed and silver precipitated. 

SILVER SULPHIDE, Ag. S. 

Preparation. This compound falls as a precipitate when a solution of 
hydrogen sulphide is added to a solution of silver nitrate. 

Ag2 N, Oe + H, S = H^ N, O, + Ag, S. 
Properties. Silver sulphide is brown in color and is a strong sulphur 

base. 

SILVER CYANIDE, Ag Cy. 

Preparation. This compound is prepared by distilling a mixed solution 
of silver nitrate, potassium, ferro-cyanide and hydrogen sulphate. 

3Ag2 Na Oe + K4 Fe Cye -f sH, SO^ = 3Ha N, O, + Fe SO4 

+ 2Ka SO4 + 6Ag Cy. 
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Properties. This salt is the one usually employed in the making of 
hydrocyanic acid. 

Tests. A soluble chloride gives a white precipitate, soluble in ammonia, 
but insoluble in hydrogen nitrate. 

A soluble iodide gives a yellow precipitate which is insoluble in ammonia, 
but freely so in a solution of potassium cyanide. 

DYAD METALS. 

CALCIUM. 

Symbol Ca. Combining weight 40. 
Specific gravity 1,5778. 

Discovered by Davy in the year 1808. 

Preparation. This metal can be obtained by heating a mixture of 
calcium iodide and metallic sodium, placed in layers, in an iron crucible 
tightly covered. Sodium iodide is formed and calcium remains. 

Properties. Calcium is a ductile, yellow metal. It tarnishes in the 
air, and decomposes water. 

COMPOUNDS OP CALCIUM WITH OXYGEN. 

These are two in number, and have the following names and symbols: — 

Calcium Monoxide Ca O. 

Calcium Dioxide Ca Oj. 

CALCIUM MONOXIDE, Ca O. 

Preparation. This important compound may be obtained pure by 
heating to whiteness the precipitated calcium carbonate. That variety used 
for building purposes is made by heating the native calcium carbonate or 
limestone. 

Properties. It is white, quite hard, and infusible. When moistened 
with water, it slakes, giving off heat, and falling into a soft, bulky powder, 
which is a hydrate containing one molecule of water, Ca O Hj O. It is 
soluble in cold water. One pint of that liquid at 60° F. will dissolve about 
II grains. 

CALCIUM DIOXIDE, Ca O3. 

Preparation. This oxide is prepared by treating lime, or the monoxide, 
with hydrogen dioxide . 

Properties. It resembles barium dioxide. 
£ 
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CALCIUM CHLORIDE, Ca CI,. 
Preparation. This compound is prepared by adding hydrogen chloride 
to calcium carbonate. 

Ca CO3 + 2H CI = CO2 + Hj O H- Ca Clg. 
By the application of a high heat the water is driven off and the crystals 
fuse. 

Properties. It is in irregular lumps, which absorb moisture with avidity . 
This salt is much used by chemists for drying gases. 

CALCIUM IODIDE, Ca I.. 
Preparation. This substance is made by the action of iodine on 
calcium hydrate. The action being similar to that when potassium iodide 
is prepared. 

CALCIUM BROMIDE, Ca Br,. 

Preparation. Similar to calcium iodide. 

Properties. Calcium iodide and bromide have properties similar to 
calcium chloride. 

CALCIUM CARBONATE, Ca CO,. 

Preparation. This body is found native as chalk, limestone or marble. 
It may be obtained as a precipitate by adding a soluble carbonate to a 
solution of a soluble salt of calcium. 

Ca CI2 -f Nag CO3 = 2Na CI + Ca CO,. 

Properties. It is white in color, insoluble in water, but if carbonic 
acid be present it is dissolved, constituting what is known as hard water ; 
if this water is heated carbonic acid is driven off and the carbonate falls. 

CALCIUM SULPHATE, Ca SO«. 

Preparation. This compound is found native and crystalline m gypsum 
and selenite. It can be prepared by the action of hydrogen sulphate on a 
concentrated solution of calcium chloride, or by the addition of hydrogen 
sulphate to calcium carbonate. 

Ca COs + Hj SO4 = HjO + CO, -f Ca SO4. 

Properties. Native calcium sulphate or Gypsum, when ground to a 
fine powder and heated to the temperature (260° F.), loses its water of 
hydration, and becomes what is known as Plaster-of- Paris, an article much 
used for making casts, molds, etc. 

CALCIUM NITRATE, Ca N, 0«. 

Preparation. This compound is made by the action of hydrogen 
nitrate on calcium carbonate. 

Ca Coj + h; N3 Og = Hj O + CO2 + Ca N, 
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CALCIUM PHOSPHATES. 

Preparation. As previously noticed, each of the three forms of Phos- 
phoric acid has the power to form salts. We may, therefore, have 
Ortho-phosphates, P)rro-phosphates and Meta-phosphates of Calcium, by 
decomposing the corresponding sodium salts by calcium chloride. 

Properties. These phosphates are insoluble in water, but are soluble 
in dilute acids. 

BLEACHING POWDER, Ca Cla + Ca CI, O,. 

Preparation. This compound is made in large quantities by the action 
of chlorine on calcium hydrate ; the chlorine being admitted slowly, that 
the temperature may remain low. 

2Ca O + 4CI = Ca Cla + Ca Cl^ O^. 

Properties. The bleaching and disinfectant power of this compound 

is too well known to require any notice. It contains nearly 28 per cent, of 

chlorine. 

COMPOUNDS OP CALCIUM WITH SULPHUR. 

These are three in number, and have the following names and symbols : — 

Calcium Monosulphide Ca S. 

Calcium Disulphide Ca S3. 

Calcium Pentasulphide Ca S5. 

CALCIUM MONOSULPHIDE, Ca S. 

Preparation. This sulphide is obtained by decomposing the sulphate 

with charcoal. 

CALCIUM DISULPHIDE, Ca S,. 

Preparation. This compound is prepared by boiling together calcium 
hydrate, water, and flowers of sulphur. From the solution, when cold, 
crystals of the disulphide are deposited. 

CALCIUM PENTASULPHIDE, Ca S.. 

Preparation. When calcium hydrate and water are boiled for a 
considerable time with an excess of sulphur, this sulphide is formed. It is 
to be remembered that in these manipulations hyposulphurous acid is formed. 

CALCIUM PHOSPHIDE, Ca, P,. 

Preparation. This compound is prepared by passing the vapor of 
phosphorus over calcium monoxide heated to whiteness in a porcelain 
crucible. 

Properties. It undergoes decomposition when thrown into water, 
liberating hydrogen phosphide, which is spontaneously inflammable. 
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Tests. Ammonium oxalate in solution will fonn an insoluble white 
precipitate of Calcium Oxalate when added to a soluble salt of Calcium in 
solution. Soluble carbonates also form white precipitates, with Calcium 
salts. 

STRONTIUM. 

Symbol Sr. Combining weight 87.5. 
Specific gravity 2.54. 

Discovered by Hope in the year 1792. 

Preparation. This metal can be obtained by a method devised by 
Matthiessen, which is as follows : " Fill a small crucible, having a porous 
cell with anhydrous strontium chloride mixed with some ammonium 
chloride, so that the level of the fused chloride in the cell is much higher 
than in the crucible. The negative pole placed in the cell consists of a 
fine iron wire. The positive pole is an iron cylinder placed in the crucible 
around the cell. The heat is regulated so that a crust forms in the cell, 
and the metal collects under the crust" (Fownes). 

Properties. It is a yellow-brown metal, slightly heavy. It oxidizes 
in the air, and decomposes water. 

COMPOUNDS OF STRONTIUM WITH OXYGEN. 

These are two in number, and have the following names and symbols : 

Strontium Monoxide Sr O. 

Strontium Dioxide Sr O,. 

STRONTIUM MONOXIDE, Sr O. 

Preparation. This oxide is prepared by decomposing the nitrate by 
heat. 

Properties. This body, when thrown into water, is converted into the 
hydrate, which deposits firom a hot concentrated solution in a crystalline 
form, having the symbol of Sr H, Oj + SH, O. 

STRONTIUM DIOXIDE, Sr O,. 

Preparation. This oxide is obtained by passing a stream of oxygen 
over the monoxide contained in a porcelain tube heated to redness. 

STRONTIUM CHLORIDE, Sr CI.. 

Preparation, This salt is prepared by adding hydrogen chloride to the 
native carbonate (strontianite). Hexagonal needles are deposited from a 
hot concentrated solution having the following symbol : — 

SrCla +6HjO. 
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Properties. The chloride has a bitter taste, effloresces when exposed 
to the air, and has a specific gravity of 1.603. 

STRONTIUM SULPHATE, Sr SO«. 

Preparation. This salt is found native (as celestine). It can be 
prepared by adding a soluble sulphate to a solution of a soluble strontium 
salt. 

Properties. It is insoluble in water, white in color, and has a specific 
gravity of 3.7. 

STRONTIUM CARBONATE, Sr CO,. 

Preparation. This compound is found native as (strontianite), but 
can be prepared by decomposing a soluble strontium salt with a soluble 
carbonate. 

Properties. It is white in color, and insoluble in water. 

STRONTIUM NITRATE, Sr N. 0«. 

Preparation. This salt is prepared by the action of warm dilute 
hydrogen nitrate on the carbonate. From a concentrated solution it de- 
posits in a crystalline form, having a specific gravity of 2.9. 

Properties. It is soluble in water, but its principal use is in the manu- 
facture of red fire. 

Test. The strontium salts impart to a colorless flame a beautiful crimson 
hue. 

BARIUM. 

Symbol Ba. Combining weight 137. 

Specific gravity 1.5. 

Discovered by Davy in the year 1808. 

Preparation. This element is prepared by passing a current of elec- 
tricity through melted barium chloride. 

Properties. It is sometimes obtained as a silver white powder, at 
others as a porous mass. It oxidizes quickly, and burns when heated in 
the air. 

COMPOUNDS OP BARIUM WITH OXYQEN. 

There are two oxygen compounds of the metal, also a hydrate, which 
have the following names and symbols : — 

Barium Monoxide ,„ Ba O. 

Barium Dioxide,^,, , Ba Oj. 

Barium Hydrate Ba H, O,. 
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BARIUM MONOXIDE, Ba O. 

Preparation. This oxide is made by decomposing the crystalline 
nitrate by heat, until red vapors are no longer given off. 

Properties. It is gray, spongy mass, fusible only at a high temperature. 

BARIUM DIOXIDE, Ba O,. 
Preparation. This oxide is prepared in a manner similar to that for 
obtaining strontium dioxide. 

Properties. This compound is used in the manufacture of hydrogen 

dioxide. 

BARIUM HYDRATE, Ba H, O,. 

Preparation. This body is obtained by adding a hot concentrated solu- 
tion of barium chloride to sodium hydrate; on cooling crystals are 
deposited. 

Properties. It is a white powder, very soluble in hot water, and has 
a strong affinity for carbonic acid. 

BARIUM CHLORIDE, Ba CI3 H, O. 
Preparation. This salt is obtained by the action of hydrogen chloride 
on the native carbonate. Filtering and evaporating when the crystals 
deposit. 

Properties. The crystals are four-sided tables, transparent, and with- 
out color. 

BARIUM NITRATE, B, Na, O.. 

Preparation. This salt is made by the action of hydrogen nitrate on 
the native carbonate. Filtering, evaporating and crystallizing. 

Properties. It is a transparent crystalline body, and soluble in water. 

BARIUM SULPHATE, Ba SO4. 

Preparation. This salt is found native as heavy spar. It is obtained 

by adding dilute hydrogen sulphate to a solution of barium chloride. 

Properties. It is white in color, and one of the most insoluble sub- 

stances known. 

BARIUM CARBONATE, Ba CO,. 

Preparation. This salt is found native as witheriie. It is made by the 

addition of ammonium carbonate to a solution of barium chloride. 

Properties. It is a heavy, white powder, and very slightly soluble in 

water. 

COMPOUNDS OF BARIUM WITH SULPHUR. 

•There are four sulphides of barium. A monosulphide, Ba S. A Tri- 
sulphide, Ba S,. A Tetrasulphide, Ba S4, and a Pentasulphide, Ba S^. 
These sulphides are of little importance. 
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Tests. A volatile salt of barium colors a non-luminous flame greenish- 
yellow. A soluble sulphate forms a white precipitate that is only soluble 
in boiling hydrogen sulphate. 

BERYLLIUM, OR GLUCINUM. 

Symbol Be. Combining weight 9.4. 
Specific gravity 2.1. 

Discovered by Wohler in the year 1828. 

Preparation. This metal is obtained by decomposing its chloride with 
melted sodium. 

Properties. It is a white, ductile and malleable metal. 

BERYLLIUM MONOXIDE. Be O. 
Preparation. This oxide is prepared from one of the silicates by heat- 
ing it in a powdered form with potassium carbonate, treating with hydrogen 
chloride, evaporating to dryness, again treating with hydrogen chloride, 
and afterwards with water, etc. 

Properties. Similar to alumina. 

BERYLLIUM CHLORIDE, Be CI,. 

Preparation. This chloride is obtained by heating the metal in chlorine 
gas. 

Properties. Soluble in water, volatile and deliquescent. 

YTTRIUM. 

Symbol Y. Combining weight 61.7. Specific gravity 4.8. 

Discovered by Wohler in the year 1828. 

Preparation. This metal was obtained by Berzelius, by heating the 
chloride with potassium. 

Properties. According to Berzelius, this metal has the color of iron. 

ERBIUM. 

Symbol Eb. Combining weight 170.5. 

Discovered by Mosander in the year 1843. 
This metal has not been isolated. 

LANTHANUM. 

Symbol La. Combining weight 139. Specific gravity 6.1. 

Discovered hy Mosander in the year 1841. 

Preparation. This metal may be obtained by heating its chloride with 
potassium. 
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Properties. It has an iron-gray color, takes a high polish, but soon 
tarnishes in contact with air. 

The following named salts, with their symbols, are known, and can be 
prepared by proper manipulation. Lanthanum chloride, La Clj. Lantha- 
num sulphate, Lag 3SO4 -|- 9H2 O. Lanthanum nitrate, Lag 3N2 O^ -f- 
6H2 O. Lanthanum carbonate, Laj 3CO3 -j- SHj O, and Lanthanum 
sulphide. Lag Sg. 

DIDYMIUM. 

Symbol Di. Combining weight 147. Specific gravity 6.4. 

Discovered by Marignac in the year 1841. 

Preparation. This metal is obtained by decomposing the chloride by 
galvanic electricity. 

Properties. It has a pale yellow color, tarnishes if exposed to the air, 
and bums with a bright flame. 

The following salts of this metal are known, but are only interesting to 
the chemist. Their names and symbols being, Didymium oxide, Di Og. 
Didymium chloride, Di CI, -f 6H2 O. Didymium bromide, Di Br, -}- 
6H2 O. Didymium sulphate, Dig 3SO4 -\- SHj O. Didymium nitrate, 
Dig 3N2 Og + 6H2 O Didymium carbonate, Dij sCOg, and Didymium 
sulphide, Di, Sg. 

THORIUM. 

Symbol Th. Combining weight 231. Specific gravity 7.9. 
Discovered by Berzelius in the year 1829. 

Preparation. This metal is obtained by decomposing the chloride 
with potassium. 

A monoxide, Th O, a chloride, Th CI, and a sulphate, Th SO4 aie 
known, and can be made by the proper methods. 

MAGNESIUM. 

Symbol Mg. Combining weight 24. 
Specific gravity 1.7. 

Discovered \iy Davy in the year 1808. 

Preparation. This metal is obtained by decomposing the double 
chloride of potassium and magnesium with metallic sodium. 

Properties. It is nearly as white as silver, more brittle, but may be 
drawn into a wire or rolled into a ribbon. It bums with an intense white 
light, and tarnishes in moist air. 
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MAQNBSIUM MONOXIDE, Mg O. 

Preparation. This compound is formed when the carbonate is sub- 
jected to a white heat. 

Properties. It is a white powder, which absorbs water and carbonic 
acid. 

MAGNESIUM CHLORIDE, Mg CI,. 

Preparation. This body can be prepared by the action of hydrogen 
chloride on magnesium carbonate. 

Mg CO, -f 2H CI = Hg O + COa + Mg Clj. 

Properties. It is a white deliquescent body, soluble in water and 
alcohol. 

A naagnesium iodide, Mg Ij, and bromide, Mg Brg, can be prepared in 
a manner similar to the corresponding salts of potassium ; using magnesia 
in place of potassium hydrate. 

MAGNESIUM SULPHATE, Mg SO« + 7H, O. 

Preparation. There are several sources from which this salt can be 
obtained. The most common being from salt water, the native silicate, 
and native double carbonate of magnesium and calcium, called Dolomite. 
From the double carbonate it can be prepared by adding hydrogen sulphate, 
filtering, to remove the insoluble calcium salt, and crystallizing by evapora- 
tion. 

Properties. It is a white crystalline salt, has a bitter taste, and is very 
soluble in water. When heated it loses 6 molecules of water of crystalli- 
zation. 

MAGNESIUM CARBONATE, Mg CO.. 

Preparation. This salt is sometimes found native, but is prepared by 
mixing hot saturated solutions of magnesium sulphate and sodium carbonate, 
Mg SO4 + Na, CO, = Na^ SO, + Mg CO,. 

Properties. It is a white insoluble body. 

MAGNESIUM PHOSPHATE, Mg, H, P, O, + 7H, O. 

Preparation. This salt is obtained when strong solutions of sodium 
phosphate and magnesium sulphate are mixed and permitted to stand for 
some time. 

2Na2 H2 Pa O, + 2Mg SO4 = 2Naj SO4 + Mgj H^ P^ O,. 

Properties. It is a white crystalline substance, and is slightly soluble 
in water. 
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AMMONIUM MAGNESIUM PHOSPHATE, Mff, aCNH^) P, O,. 

Preparation. This salt is fonned by making a mixture of Ammonia 
and Magnesium sulphate, and adding it to a solution of sodium phosphate. 
2Naa Ha Pj Og -f 2Mg SO4 + 2(NH,) = 2Na2 SO4 -f Mgj 

(NH,), P, O,. 

Properties. It is a white, insoluble compound, which, if heated, under- 
goes decomposition, giving off water and ammonia, and is changed into 
Magnesium pyro-phosphate. 

Mga (NH Ja P^ Og + heat = H^ O + 2(N H,) + Mg^ P^ O,. 
Test. A white precipitate with ammonia, which is insoluble in an 
excess, but soluble in a solution of ammonium chloride. 

ZINC. 

Symbol Zn. Combining weight 65. Specific gravity 7.2. 

Discovered by Paracelsus in the i6th century. 

Preparation. Several ores ofthis metal are known; the most important 
are, the Carbonate (Calamine), Silicate and Sulphide (Blende). To obtain 
the metal, the ore is roasted, then mixed with carbon and heated, when 
the zinc distills, and is condensed. The operation must be conducted in 
crucibles made for the purpose, for, if the metal in its vaporous state comes 
in contact with the air, it takes fire, and is converted into the oxide. 

Properties. This metal is blueish-white, tarnishes in the air, and has 
a crystalline form. It melts at a red heat (773° F.) and volatilizes at a 
higher temperature. When moderately heated it may be rolled into sheets. 

ZINC MONOXIDE, Zn O. 

Preparation. This oxide may be prepared by burning the metal or 
heating the carbonate. 

Properties. It is a white powder, without taste, and insoluble in water. 
It is much used as a pigment when ground with oil. 

' ZINC CHLORIDE, Zn O.. 

Preparation. This salt is prepared by the action of hydrogen chloride 
on metallic zinc. 

Zn + 2H CI = Hj -f- Zn Clj 

Properties. It is a white salt, fusible, soluble in water and alcohol and 
deliquescent. Zinc chloride, when in a solution of proper strength, is used 
for embalming purposes. 



CADMIUM. 67 

ZINC SULPHATB, Zn 80« 7H3O. 
Preparation. This compound is prepared by the action of dilute hydro- 
gen sulphate on metallic zinc. Filtering, evaporating and crystallizing. 
Zn -f Hg SO4 -f- Ha O = Hj H- Zn Hj SO4 + H, O. 

Properties. This salt, commonly known as white vitriol, is astringent, 
emetic, and soluble in water. 

ZINC CARBONATE, Zn CO,. 
Preparation. This compound is found native. When a soluble car- 
bonate is added to a solution of zinc salt a precipitate is formed, which is 
a mixture of the carbonate and hydrate. 

Properties. It is white in color, and when heated is converted into 

the oxide. 

ZINC SULPHIDE, Zn S. 

Preparation. This compound occurs native as (Blende). Zinc sul- 
phide may be prepared by adding an alkaline sulphide to a solution of a 
soluble salt of zinc. 

Zn SO4 + (NH^), S =-. (NH^), SO^ -f Zn S. 

Properties. It is white in color, and is peculiar in this respect, as the 
sulphides of most metals are colored, the larger number being black. 

ZINC IODIDE, Zn I,. 

Preparation. This compound is formed by the direct action of iodide 
on the metal. 

Properties. It is dark brown in color, and is one of the most powerful 
alterative astringents known. 

Tests. Potassium hydrate gives a white precipitate which is soluble in 
an excess of the alkali. Ammonia acts the same. Potassium carbonatq 
gives a white precipitate that is insoluble in an excess. Ammonium car- 
bonate gives a white precipitate soluble in access. 

CADMIUM. 

Symbol Cd. Combining weight 112. 
Specific gravity 8.6. 

Discovered by Stromeyer in the year 181 7. 

Preparation. This metal can be obtained by decomposing its chloride 

with metallic zinc. 

Cd Cla + Zn = Zn a, -f Cd. 

Properties. Cadmium in color resembles tin, but is harder; it is 
malleable, melts at (500^ F.), tarnishes in the air, and is volatile. 
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CADMIUM WITH OXYGEN. 

Cadmium combines with oxygen, and forms a Monoxide Ca O; a 
hydrate is also known, Cd 2H3 O. 

This metal also forms compounds with sulphur, iodine, hydrogen sul- 
phate, hydrogen nitrate and carbonic acid. 

Tests. A fixed alkali gives a white precipitate, insoluble in an excess. 
Ammonia produces a precipitate which is soluble in that alkali. The 
carbonate is insoluble in ammonium carbonate. 

COPPER. 

Symbol Cu (Cuprum). Combining weight 63.5. 
Specific gravity 8.9. 

Discovered. This metal was known to the Ancients. 

Preparation. Copper is sometimes found native, but generally in com- 
bination with sulphur, oxygen or carbonic acid. It is obtained from the 
sulphide by first roasting, then mixing with sand, calcium fluoride, and 
carbon ; high heat is now applied, when reduction takes place, the metal 
is fused, falls to the bottom of the furnace and is drawn off. 

Properties. This metal has its characteristic color, melts at 1200^ F., 
volatilizes at a higher temperature, is malleable and ductile, and enters into 
the composition of several important alloys. 

COMPOUNDS OF COPPBR WITH OXYGEN. 
These are four in number, the two of importance have the following 
names and symbols : — 

Cuprous Oxide CUj O. 

Cupric Oxide Cu O. 

CUPROUS OXIDE, Cu, O. 
Preparation. This oxide is sometimes found native. It can be pre- 
pared by boiling a solution of copper acetate with glucose, or by the appli- 
cation of heat to a mixed solution of copper sulphate, potassium hydrate 
and glucose. 

2Cu SO4 + 2Ka O -f (Ce Hi, O,) = 2K, SO4 -f (C^ H^o O.) 

-f Cuj O + Hj O. 

Properties. It is dark-red in color, insoluble in water, and when 
heated unites with oxygen, and becomes converted into the monoxide. 

COPPER MONOXIDE, or CUPRIC OXIDE, Cu O. 
Preparation. This oxide can be obtained by several processes. Heat- 
ing copper nitrate, by alternately heating copper and plunging it into 
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water, or by the addition of potassa to a solution of copper sulphate, and 
boiling. 

Properties. It is black in color, insoluble, and combines with many 
acids to form salts. 

COMPOUNDS OF COPPER WITH CHLORIDE. 

Cuprous Chloride Cuj Clj* 

Cupric Chloride , Cu Clj. 

CUPROUS CHLORIDE, Cu, CI,. 

Preparation. This chloride is prepared by boiling copper in hydrogen 
chloride with a small quantity of hydrogen nitrate. The product of the 
continued boiling is thrown into water. 

Properties. It is pale green, insoluble in water, but soluble in 
ammonia. 

CUPRIC CHLORIDE, Cu CI,. 

Preparation. This chloride is prepared by the action of hydrogen 
chloride on cupric oxide. 

Cu O -f 2H C1 = H2 + Cu Clj. 

Properties. It is bluish-green, and contains two molecules of water 
of crystallization. 

CUPRIC SULPHATE, Cu SO« + SH, O. 
Preparation. This salt is prepared by the action of hydrogen sulphate 
on cupric oxide ; dissolving, filtering and crystallizing. 

Cu O + Hj SO4 = H J O + Cu SO4. 

Properties. Copper sulphate, commonly called blue vitriol, is a crys- 
talline compound, soluble in water, and when heated loses water of 
crystallization. 

CUPRIC NITRATE, Cu N, O. + 3H, O. 

Preparation. This is made by the action of hydrogen nitrate on 
copper. 

3Cu + 4H2 N2 O, = 4H2 O + Na O2 + 3Cu N, O,. 

Properties. It is a deep blue, very soluble in water, and is deliquescent. 

CUPRIC CARBONATE, Cu CO,, Cu O H, O. 
Preparation. This salt is prepared by adding a solution of sodium 
carbonate to a solution of Cupric Sulphate. Copper carbonate is found 
native as Malachite. 

Properties. It is pale green, insoluble in water, and used as a pigment. 



70 CHEMISTRY. 

CUPRIC ARSENITE, Cu Os, 0«. 

Preparation. This compound, called Scheele*s green, is prepared by 
adding a solution of potassium arsenite to a solution of copper sulphate. 
Cu SO4 -f K3 Asa O4 =K2 SO4 H- Cu Asg O4. 

Properties. It is emerald green in color, insoluble in water, and is 
used as a pigment Like all the other salts of arsenic, it is poisonous. 

COMPOUNDS OF COPPER WITH SULPHUR. 

Copper forms two sulphides, having the following names and S3rmbols: — 

Cuprous Sulphide , CUj S. 

Cupric Sulphide Cu S. 

CUPROUS SULPHIDE, Cu, S. 

Preparation. This sulphide can be prepared by strongly calcining the 
cupric sulphate. Cuprous sulphide is sometimes found native as redruthite. 

CUPRIC SULPHIDE, Cu S. 

Preparation. This sulphide occurs in nature as covellite. It is pre- 
pared by the action of hydrogen sulphide on a copper salt. 

Cu SO4 + H2 S= H2 SO4 + Cu S. 

Properties. The sulphides of copper are black, and insoluble in 
water. 

Tests. The salts of copper may be recognized by the following tests. 
Potassic hydrate throws down a pale green precipitate, which becomes 
black on boiling. Ammonia will produce the same precipitate, but dis- 
solves it when in excess. Potassium ferro-cyanide produces a red brown 
precipitate of copper ferro-cyanide. When any implement of iron having 
a polished surface is immersed in an acidulated solution of a copper salt 
it quickly becomes coated with metallic copper. 

MERCURY. 

Symbol Hg (Hydrargyrum). Combining weight 200. 
Specific gravity 13.59. 

Discovered. This metal was known as early as 300 years before 
Christ. 

Preparation. This metal is obtained from the native sulphide called 
cinnabar^ by roasting in a properly constructed furnace, and condensing 
the metal ; the sulphurous anhydride passing off. 

Properties. Mercury is silver white in color; at ordinary tempera- 
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tures it is liquid ; it boils at (662® F.), and freezes at —40 F.). This metal 
remains unaltered in the air except when heated, when it combines with 
oxygen. It is largely used in making thermometers, and for obtaining the 
precious metals. 

COMPOUNDS OF MERCURY WITH OXYGEN. 
These are two in number, and have the following names and symbols : — 

Mercurous Oxide Hgj O. 

Mercuric Oxide , Hg O. 

MERCUROUS OXIDE, Hg. O. 
Preparation. This oxide is prepared by boiling mercurous chloride in 
a strong solution of potassium hydrate. 

2Hg CI + K3 O Hj O = H2 O + 2K CI + Hgj O. 

Properties. It is black in color and unstable. 

MERCURIC OXIDE, Hg O. 

Preparation. This oxide can be obtained by decomposing Mercuric 
chloride in solution by potassium hydrate. 

Hg CI2 + Kj O H, O = Hj O + 2K CI + Hg O. 

Properties. It is yellow when wet, but when washed and dried is red 
in color; it is commonly known as red precipitate, and is very poisonous. 

COMPOUNDS OF MERCURY WITH CHLORINE. 

These are two in number, and have the following names and symbols : 

Mercurous Chloride ., Hg CI. 

Mercuric Chloride Hg Clj. 

MERCUROUS CHLORIDE, Hg CI. 
Preparation. This chloride is prepared by strongly heating a mixture 
of mercurous sulphate and sodium chloride, and preventing crystallization 
by steam, and carefully washing. 

Hg2 SO4 -f 2Na CI = Na^ SO^ + 2Hg CI. 
Mercurous chloride can also be obtained by decomposing a solution of 
mercurous nitrate by sodium chloride. 

Hga Nj Oe -f 2 Na CI = Na^ N, Oe + 2 Hg CI. 

Properties. It is a white powder, insoluble in water, and much used 
in medicine by the name of calomel. Its specific gravity is 7.17. 

MERCURIC CHLORIDE, Hg CI.. 

Preparation. This salt is obtained by subliming a mixture of mercuric 
sulphate and sodium chloride. 

Hg SO4 -h 2Na CI = Nag SO^ -f Hg CI,. 



72 CHEMISTRY. 

Properties. It is white, crystalline and friable, very poisonous, and 
has a specific gravity of 6.5. Mercuric chloride is soluble in water. 

COMPOUNDS OP MERCURY WITH IODINE. 

These are two in number, and have the following names and symbols : — 

Mercurous Iodide Hg I. 

Mercuric Iodide Hg I^. 

MERCUROUS IODIDE, Hg I. 
Preparation. This iodide is made by decomposing a solution of mer- 
curous nitrate by potassium iodide, cai*efully washing and drying. 
Hg, N, Oe + 2K I = K, N^ O^ + ^Hg I. 
Properties. It is yellow-green in color, not poisonous, and is insoluble. 

MERCURIC IODIDE, Hg I,. 

Preparations. This iodide is prepared by decomposing a saturated 
solution of mercuric chloride by potassium iodide. 

Hg Clj + 2K I =2 K CI + Hg I3. 

Properties. When first formed it is yellow, but soon changes to a 
bright red. It is insoluble in water, but is promptly taken up if potassium 
iodide is added. Mercuric iodide is a violent poison. 

MERCUROUS NITRATE, Hg, N, 0« + aH, O. 

Preparation. This salt is prepared by the action of an excess of cold 
dilute hydrogen nitrate on metallic mercury. 

Properties. It is a crystalline salt, without color, soluble in water if 
slightly acidulated by hydrogen nitrate. 

MERCURIC NITRATE, Hg N, 0« + H, O. 

Preparation. This nitrate is formed when an excess of hydrogen nitrate 
is added to mercuric oxide. 

Hg O + Ha N3 Oe -= Hj O + Hg N, Oe. 

Properties. It is a white, crystalline salt, and when thrown into water 
undei^es decomposition. 

MERCUROUS SULPHATE, Hg, SO«. 

Preparation. This sulphate is obtained by adding hydrogen sulphate 
to a solution of mercurous nitrate, 

Hga Na O. + H, SO^ = H, N, O, + Hg, SO^. 

Properties. It is a white, crystalline powder, slightly soluble in 
water. 



GOLD. 73 

MERCURIC SULPHATE, Hg 8O4. 
Preparation. This sulphate is made by the direct action of hydrogen 
sulphate on metallic mercury. 

Hg -f- 2H2 SO^ =r 2Ha O + SO2 4- Hg SO4. 

Properties. It is a heavy, white, crystalline salt, and if thrown into 

water, undergoes decomposition, forming a yellow precipitate, called 

turpeth-mineraly which is a basic sulphate, and has the symbol of Hg SO4 

2HgO. 

MERCUROUS SULPHIDE, Hg, S. 

Preparation. This sulphide is obtained when hydrogen sulphide is 
passed into a solutioji of mercurous nitrate. 

Hg2 N, O, + H,S = H, N, O, -f Hg, S. 

Properties. It is black, and when heated, is converted into mercuric 
sulphide and mercury. 

MERCURIC SULPHIDE, Hg S. 

Preparation. This sulphide is prepared by passing hydrogen sulphide 
into a solution of mercuric chloride, washing, drying and subliming. 

Hg Cla + H2 S = 2H CI + Hg S. 

Properties. It is dark red, insoluble in water, and known as ver- 
milion. 

AMIDO-MERCURIC CHLORIDE Hg, (NH,) CI. 

Preparation. When water of Ammonia is added to a solution of 
mercuric chloride, this compound precipitates. 

Hg a, + 2(NH3) H2 O = NH^ Cl-f H, O + Hg (NHJ CI. 

Properties. It is white in color, and but little used. 

Tests. The liberation of the metal by decomposing its compounds 
with heat and dry sodium carbonate. Or the precipitation of the metal 
on gold by transfixing a drop of one of its soluble salts with an iron 
point. 

Triad metals. 

GOLD. 

Symbol Au (Aurum). Combining weight 196.7. 
Specific gravity 19.5. 

This metal was known to the ancients. 

Preparation. This precious metal is always found native ; but generr 
ally associated with silver. It is obtained by the same method as that used 
to procure silver. Most of the gold obtained \% associated with silver and 

F 
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Other metals, from which it has to be separated by the proper methods. 
Gold melts at 1260° F. 

Properties. They are too well known to require any description. 

COMPOUNDS OP GOLD WITH OXYGEN. 
These are two in number and have the following names and symbols : — 

Monoxide f or Aurous Oxide AUj O. 

Trioxide or Auric Oxide Au O3. 

AUROUS OXIDE, Au, O. 
Preparation. This oxide is obtained when potassium hydrate in solu- 
tion is added to the monochloride. 

2Au CI + KgO H^O = Ha O + 2K CI + Au^ O. 

Properties. It is a green powder, slightly soluble and liable to undergo 
decomposition. 

AURIC CHLORIDE, Au O,. 

Preparation. This oxide is prepared by adding magnesia to the auric 
chloride, washing the precipitate and digesting with hydrogen nitrate. 

Properties. It is an insoluble, reddish-yellow powder. 

COMPOUNDS OP GOLD WITH CHLORINE. 
These are two in number, and are as follows : — 

Gold Monochloride y or Aurous Chloride Au CI, 

Gold Trichloride, or Auric Chloride Au Clj. 

AUROUS CHLORIDE, Au CI. 
Preparation. This chloride is prepared by heating the auric chloride 
to a temperature of (440° F). 

Properties. It is pale yellow in color, insoluble in water, and liable 
to undergo decomposition. 

AURIC CHLORIDE, Au CI,. 
Preparation. This chloride is obtained by the action of nitro-muri- 
atic acid on the metal gold. 

Properties. It is a red, crystalline body, deliquescent, and soluble in 
water, alcohol and ether. 

COMPOUNDS OP GOLD WITH SULPHUR. 
These are two in number, and are as follows : — 

Aurous Sulphide Au, S. 

Auric Sulphide Au, S,. 
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AUROUS SULPHIDE, Au, S. 

Prep^ation. This sulphide is formed when hydrogen sulphide is 
passed into a hot solution of auric chloride. 

Properties. It is black in color, and forms sulphur salts with potassium 

and sodium. 

AURIC SULPHIDE, Au, S,. 

Preparation. This sulphide precipitates when hydrogen sulphide is 
passed into a cold dilute solution of auric chloride. 

Properties. It is yellow in color, and soluble in ammonium sulphide. 

Tests. Salts of gold may be detected by ferrous sulphate, giving a 
brown precipitate. Stannous chloride gives a purple precipitate {^Purple of 
Cassius), Oxalic acid precipitates the metal. 

THALLIUM. 

Symbol Tl. Combining weight 204. Specific gravity 1 1.8. 

Discovered by Crookes in the year 1 861. 

Preparation. This metal is obtained by decomposing the chloride 
with hydrogen sulphate and dissolving in water ; decomposing the sulphate 
with hydrogen sulphide, filtering and boiling ; ammonia is now added and 
heat applied, the solution filtered and evaporated, when the sulphate 
crystallizes out. The sulphate is decomposed by zinc and the Thallium 
remains. 

Properties. It is a sofl, heavy metal, of a grayish color, has a crystal- 
line form and melts at 294° F. 

COMPOUNDS OP THALLIUM WITH OXYGBN. 
These are two in number, and have the following names and S3rmbols : 

Thallium Monoxide Tlj O. 

Thallium Trioxide Tl, Oj. 

THALLIUM MONOXIDE, Tl, O. 
Preparation. This oxide is prepared by heating the hydrate in a 
vacuum. 

Properties. It is a black powder that can be melted at 300° F. 

THALLIUM TRIOXIDE, Tl, O,. 

Preparation. This oxide is prepared by the action of oxygen on the 
melted metal. 

Properties. It is a dark red powder, insoluble in water and alkalies. 
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THALLIUM HYDRATE, Tl HO + H, O. 

Preparation. This compound is made by throwing the metal into 
water exposed to the air. 

Properties. It is a yellow crystalline salt, soluble in water, the 
solution having an alkaline reaction. 

COMPOUNDS OP THALLIUM WITH CHLORINE. 
This metal forms four chlorides ; the two well defined have the follow- 
ing names and symbols. 

Thallium Monochloride Tl CI. 

Thallium Trichloride Tl CI,. 

THALLIUM MONOCHLORIDE, Tl CI. 

Preparation. This chloride can be obtained by burning the metal in 
chlorine, or by decomposing a thallious salt with sodium chloride. 

Properties. It is a white crystalline body, soluble in hot water. 

THALLIUM TRICHLORIDE, Tl CI,. 
Preparation. This chloride can be obtained by the action of hydro- 
gen chloride on the trioxide. 

Tlj Oj + 6H a = 3Hj O 4- 2TI a,. 

Properties. It is soluble in water, is easily melted, and is decom- 
posed by high heat. 

COMPOUNDS OP THALLIUM WITH IODINE. 
These are two in number, and have the following names and symbols ; — 

Thallium Moniodide Tl I. 

Thallium Triiodide -Tl I3. 

THALLIUM MONIODIDE, Tl I. 

Preparation. This iodide is made by the direct action of iodine on 
the metal, or by double decomposition. 

Properties. It is a yellow powder which melts below red heat, to a 
scarlet liquid. 

THALLIUM TRIIODIDE, Tl I,. 

Preparation. This iodide is prepared by the action of an ethereal 
solution of iodine on metallic thallium. 

Properties. A dark brown solution which deposits rhombic prisms 
(Fownes), 

The following salts of this metal are known and can be prepared by 
the proper methods. 
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Thallium Carbonate, Tlj CO3. Thallious Sulphate, Tlj SO4. Thallic 
Sulphate, Tl^ 3SO4 + 7H2O. Thallium Phosphates, Ortho. Pyro and 
MeU, and Thallium Sulphide, Tig S. The same rule holds good in 
the phosphorus salts of this metal as in the corresponding one of 
potassium. 

Tests. Thallium is thrown down by ammonium sulphide with iron, 
nickel, manganese, etc. From these it is separated by precipitation with 
potassium iodide, or reduction to the metallic condition with zinc. 

TETRAD METALS. 

TITANIUM. 

Symbol Ti. Combining weight 50. 
Discovered by Klaproth in the year 1 791. 

Preparation. This metal has been obtained by heating titanium and 
potassium fluoride with potassium. 

Properties. This element is remarkable for its affinity for nitrogen ; 
when heated in the air, it simultaneously absorbs oxygen and nitrogen 
(Fownes). 

This rare metal forms salts with oxygen, chlorine, fluorine, etc. 

TIN. 

Symbol Sn (Stannum). Combining weight 118. 

Specific gravity 7.3. 

This metal was known to the ancients. 

Preparation. This metal is found combined with oxygen. It is 
obtained from the oxide by roasting, powdered, and heating with carbon. 

Properties. Tin is white in color, like silver, malleable, not acted on 
by the atmosphere, and melts at 457° F. 

COMPOUNDS OF TIN WITH OXYGEN. 
These, with their symbols, are as follows : — 

TIN MONOXIDE or STANNOUS OXIDE, Sn O. 

Preparation. This oxide can be prepared by heating the oxalate 
excluded from the air ; also from the stannous hydrate by ignition. 

Properties. It is a heavy, black powder, which, if touched by a white 
hot body, takes fire, and is converted into the dioxide. 
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STANNOUS HYDRATE, Sa, H, O.. 
Preparation. This hydrate is prepared by decomposing stannous 
chloride with sodium carbonate. 

Properties. It is a white precipitate, and when heated parts with its 
water. 

|TIN SESQUIOXIDE, Sa, O3. 

Preparation. This oxide is formed when hydrated ferric oxide is 
added to stannous chloride. 

Properties. It is a grayish compound, soluble in hydrogen chloride 
and in ammonia. 

TIN DIOXIDE or STANNIC OXIDE, Sn O,. 

Preparation. This oxide can be prepared by heating stannous oxide 
in the air. 

Properties. It is a yellowish white powder, which by proper treatment 
can be caused to crystallize. 

The dioxide forms two hydrates, both being acids. Hydrogen stannate, 
Hj Sn Og, and Hydrogen metastannate, HjoSngOu, each being able to 
form salts. 

COMPOUNDS OF TIN WITH SULPHUR. 

These are three in number, and have the following names and compo- 
sition : — 

Tin Monosulphide Sn S. 

Tin Sesquisulphide Snj Sj. 

Tin Disulphide Sn Sj. 

Tests. The stannous salts, with the caustic alkalies, give white hydrates, 
which are soluble in an excess of the reagent. Ammonia and the alkaline 
carbonates give white hydrates, which are nearly insoluble. Hydrogen 
sulphide gives a black precipitate. Stannic salts with fixed alkalies give 
white hydrates, which are soluble in an excess of the reagent. Alkaline 
carbonates give white hydrates, which are slightly soluble. Hydrogen 
sulphide gives a yellow precipitation. Gk)ld trichloride gives a purple 
precipitate. 

ALUMINIUM. 

Symbol Al. Combining weight 27.5. Specific gravity 2.5. 

Discovered by Wohler in the year 1828. 

Preparation. This metal is obtained by a method devised by 
DevilUy and consists in decomposing the double chloride of sodium and 
aluminium with metallic sodium, calcium fluoride being used as a flux. 
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Properties. This metal is very light, has a silvery white color, is 
malleable, ductile, and capable of receiving a high polish. It enters into 
the composition of aluminium bronze, an alloy of aluminium with copper. 

ALUMINA, Al, O,. 
Preparation. This oxide is prepared by the application of high heat 
to the hydrate, which is formed when ammonia is added to a solution of 
alum. 

Properties. It is white, tasteless, and little acted upon by acids. 

Aluminium forms the following hydrates : — 

Monohydrate Alg Oj Hj O. 

Dihydrate Al, O3 2Ha O. 

Trihydrate Al, O3 3H, O. 

(Fownes.) 
ALUMINIUM CHLORIDE, Al, CI.. 

Preparation. This compound is prepared by passing a stream of 
chlorine over a red hot mixture of alumina and charcoal. 
Ala O, + 3C + 6C1 = 3CO 4- AI3 Cle. 

Properties. It is a white crystalline body, fusible, and volatile at 
2I2<» F. 

ALUMINIUM SULPHATE, Al. 3SO« + x8H, O. 

Preparation. This salt is prepared by the action of hydrogen sul- 
phate on those clays which are free from iron. 

Properties. It crystallizes in scales, is soluble in water, and when 

heated loses its water. 

ALUMS. 

These are double salts, and generally have the same crystalline form 
(Octahedrons) ; and are therefore called isomorphous. 

ALUMINIUM AND POTASSIUM DOUBLE SULPHATE. 
AI2 3SO4 Kj SO4 + 24Ha O. 

Preparation. This salt is prepared by mixing hot solutions of Alumin- 
ium and Potassium Sulphates, and allowing crystallization to take place. 

Properties. It is a transparent crystalline salt, soluble in water, and 
when heated loses its water of crystallization. 

ALUMINIUM AND SODIUM DOUBLE SULPHATE. 

AI2 3SO4 Na, SO4 -f 24Ha O. 

Preparation. This variety of alum is made by mixing hot solutions of 
aluminium and sodium sulphates and allowing to crystallize. 



80 CHEMISTRY, 

Properties. This alum is difficult to crystallize, but is more soluble 
than the potassium variety. 

ALUMINIUM AND AMMONIUM DOUBLE SULPHATE. 

Al^ 3SO4 (NHJ2 SO4 + 24H2O. 

Preparation-. This is prepared by mixing hot solution of aluminium 
and ammonium sulphates, and allowing to crystallize. 

Properties. This alum has the same properties as the potassium 
variety ; but if heated to redness yields pure alumina. 

There are others alums isomorphous with those described, in which 
aluminium is replaced by iron, forming with potassium an alum having 
the composition of Fcg 3 SO 4 Kj SO 4 -|- 24H2 O. A chromium and 
manganese variety can also be prepared. 

Tests. Potassic and sodic hydrates give white precipitates which are 
soluble in an excess of the alkali. Ammonia produces the same precipitate, 
but it is insoluble in an excess. The precipitate formed by the alkaline 
carbonates is insoluble in an excess of the reagents. 

ZIRCONIUM. 

Symbol Zr, Combining weight 89.6. 

Specific gravity 4. 1 . 

Discovered by Berzeliusm the year 1824. 

Preparation. This metal is obtained by a method similar to that for 
preparing Silicon. 

Properties. Zirconium combines with oxygen and forms an oxide, Zr 
O2) that acts both as an acid and a base. It also unites with chlorine, 
forming a chloride, Zr Clj, and with fluorine, a fluoride, Zr Fl^. 

RHODIUM. 

Symbol Rh or Ro. Combining weight 104.4. 
Specific gravity ii. 

Discovered by Wollaston in the year 1803. 

Preparation. This metal is obtained from the solution from which 
Platinum and Palladium were separated, by mixing with hydrogen chloride, 
and evaporating to dryness. The residue is treated with alcohol of sp, gr. 
.837, which dissolves everything except the double chloride of rhodium 
and sodium. This is well washed with alcohol, dried, heated to white- 
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ness, and boiled with water, whereby the sodium chloride is dissolved out, 
and Metallic Rhodium remains (Fownes). 

Properties. Thus obtained, it is a white, spongy mass, more infusible 
and less capable of bemg welded than platinum (Fownes). 

Rhodium combines with oxygen, and forms four oxides having the 
following names and symbols. 

A Monoxide Rh Oj. 

A Sesquioxide or Rhodic Oxide Rhj Oj. 

A Dioxide ^ Rh Oj. 

And a Trioxide Rh Oj. 

A Chloride^ Rhj Clg and a Sulphate^ Rh^ 3SO^ -\- izHjO, are known , 
and obtainable by proper methods. 

Tests. The salts of this metal are rose colored. The following 
reagents when added to a solution of a Rhodium salt, respond as follows : 
Hydrogen sulphide and ammonium sulphide give brown precipitates which 
are insoluble in an excess. Soluble sulphites give pale yellow precipitates, 
and potassium hydrate a precipitate also yellow, but is soluble in an 
excess. 

RUTHENIUM. 

Symbol Ru. Combining weight 104.4. 
Specific gravity 1 1.4. 

Discovered by Cl^us in the year 1845. 

Preparation. This metal is prepared from scaly osmiridum, by heating 
in a porcelain tube, through which a current of air freed from carbonic 
acid and oi^anic matter is drawn. Osmium and Ruthenium are oxidized, 
the former being carried forward as a tetroxide and condensed in a solution 
of potassium hydrate, while the ruthenium remains behind, together with 
iridium ; by fusing this residue with potassium hydrate, treating the mass 
with water, and leaving the liquid in a corked bottle, for two hours, to 
clarify, an orange-colored solution of potassium rutheniate is obtained, 
which, when neutralized with hydrogen nitrate deposits velvet-black 
ruthenium sesquio;cide, and this, when washed, dried, and ignited in 
hydrogen, yields the metal (Fownes). 

Properties. It forms porous lumps, moderately easy to pulverize. It 
is the most refractory of all metals except osmium (Fownes). 

This metal forms compounds with oxygen, chlorine and sulphur, which 
have the following names and symbols ; which can be prepared by the 
proper methods : — 
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OXIDES. 

Monoxide Ru O. 

Sesqaioxide.....Ru2 O3. 

Dioxide Ru O2. 

Trioxide ..Ru O,. 

Tetroxide Ru O4. 



CHLORIDES. I SULPHIDES. 

Dichloride Ru Q,.' Monosulphide..Ru S. 



Trichloride .....Ru CI,. 
TetrachloridcRu CI4. 



Sesquisulphide,Ru2 Sg. 
Disulphide.....Ru S,. 



Tests. Potassium rutheniate in solution yields a black precipitate with 
hydrogen nitrate, which is the oxide ; this is soluble in hydrogen chloride, 
and gives a yellow solution, which, when treated with hydrogen sulphide, 
to blackness, yields a filtrate of a sky-blue color. 

PALLADIUM. 

Symbol Pd. Combining weight 106.5. 
Specific gravity 11.8. 

Discovered by Wollaston in the year 1803. 

Preparation. When the solution of crude platinum, from which the 
greater part of that metal has been precipitated by ammonium chloride, is 
neutralized by sodium carbonate, and mixed with a solution of mercuric 
cyanide, palladium cyanide separates as a whitish insoluble substance, which, 
on being washed, dried, and heated to redness, yields metallic palladium 
in a spongy mass ; which can be welded into a mass. 

Properties. Palladium resembles platinum in color, is very malleable 
and ductile. It oxidizes easier than platinum, and is slowly attacked by 
hydrogen nitrate. 

This metal forms compounds with oxygen, chlorine, iodine and sulphur, 
all of which can be prepared by the proper methods. 

PLATINUM. 

Symbol R. Combining weight 197.4. Specific gravity 21.5. 

Discovered by Woodva the year 1 741. 

Preparation. This metal is obtained from crude platinum, which is a 
native alloy of Platinum, Palladium, Rhodium, Iridium and a little Iron, 
by acting upon it as far as possible with nitro-muriatic acid, containing an 
excess of muriatic acid and slightly diluted with water, in order to dissolve 
as little iridium as possible ; to the acid solution ammonium chloride is 
added which throws down nearly all of the platinum as ammonium- 
platino-chloride. This, when washed and heated to redness, leaves 
metallic platinum in a spongy state (Fownes). 
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Properties. This metal is whiter than iron ; it is very malleable and 
ductile, and melts only at a very high temperature. It is not acted upon 
by the air, or by the ordinary acids. 

COMPOUNDS OP PLATINUM WITH OXYGEN. 
These are two in number and have the following names and symbols : — 

Platinum Monoxide Pt O. 

Platinum Dioxide Pt Oj. 

PLATINUM MONOXIDE, Pt O. 
Preparation. This oxide is prepared by decomposing the dichloride 
with potassium hydrate and heat. 

Pt Cla + 2K HO = 2K a + H,0 + Pt O. 

Properties. It is a black powder which is soluble in an excess of the 

caustic alkali. 

PLATINUM DIOXIDE, Pt O.. 

Preparation. This oxide is prepared by double decomposition between 
solutions of platinum sulphate and barium nitrate, and after filtration the 
addition of sodium hydrate. 

Properties. It is an anhydrous black powder. 

COMPOUNDS OF PLATINUM WITH CllLoRINE. 
These are two in number, and are as follows : — 

Platinum Dichloride Pt Clj. 

Platinum Tetrachloride Pt CI4. 

PLATINUM DICHLORIDE, Pt CI.. 
Preparation. This chloride is prepared by heating the tetrachloride to 
a moderately high temperature. 

Properties. It is a greenish- white powder, insoluble in water, but 
dissolves in hydrogen chloride. 

PLATINUM TETRACHLORIDE, Pt CI4. 

Preparation. This chloride is obtained by the action of nitro-muriatic 
acid on metallic platinum. 

Properties. The solid salt is brownish-red in color, and is soluble in 
water and alcohol. 

Bromine and Iodine unite with platinum and form compounds similar 
to the chlorides in composition. 

COMPOUNDS OP PLATINUM WITH SULPHUR. 
These are two in number and are as follows : — 

Platinum Monosulphide Pt S. 

Platinum Disulphide PtSj. 
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PLATINUM MONOSULPHIDE, Pt S. 

Preparation. This sulphide can be prepared by the action of hydro- 
gen sulphide on a solution of the dichloride. 

Properties. It is a black powder, which is insoluble in water. 

PLATINUM DISULPHIDE, Pt S,. 

Preparation. This sulphide is prepared by the action of hydrogen 
sulphide on a solution of the tetrachloride. 

Properties. It is a black powder, insoluble in water, but soluble in 
the alkaline hydrates, carbonates and sulphides (Fownes). 

The compounds of platinum with chlorine, oxygen, hydrogen sulphate, 
sulphur, etc., combine with other elements and compounds, forming com- 
plicated but interesting salts. 

Tests. Ammonium chloride gives a yellow precipitate with platinum 
tetrachloride, which is decomposed by heat into spongy platinum. Am- 
monium sulphide gives a brown precipitate, which is soluble in an excess 
of the reagent. 

IRIDIUM. 

Symbol Ir. Combining weight 198. 
Specific gravity 21.15. 

Discovered by Tennant in the year 1803. 

Preparation. This metal is separated by a complicated method, 
from the residue, after treating crude platinum with nitro -muriatic acid. 

Properties. Iridium is a white, brittle metal, and fusible only at a very 
high temperature. It is slightly malleable at a red heat, and in density is 
nearly equal to platinum. 

This metal forms compounds with oxygen, chlorine, iodine, sulphur, etc., 
which can be prepared by proper manipulation. 

Tests. Ammonium chloride with iridic solutions gives a precipitate 
of a dark reddish-brown color, which, when treated with hydrogen sul- 
phide, is reduced to a soluble chloriridite. 

OSMIUM. 

Symbol Os. Combining weight 199. 
- Specific gravity 21.4. 

Discovered by Tennant in the year 1803. 

Preparation. This metal is obtained from osmium tetroxide, by adding 
an excess of hydrogen chloride, and digesting with mercury in a well closed 



LEAD. 85 

bottle, at a temperature of 104® F. The osmium is then reduced by the 
mercury, and an amalgam is formed, which, when distilled in a stream of 
hydrogen till all the mercury and calomel are expelled, leaves metallic 
osmium in the form of a black powder (Berzelius). 

Properties. Osmium when in a powder is combustible, and easily 
oxidized by nitric or nitro-muriatic acids, being converted into the tetroxide. 
But after it has been exposed to a red heat it loses to an appreciable extent 
the properties before described (Fownes). . 

This metal forms compounds with oxygen, chlorine, sulphur and ammo- 
nium, etc., that can be obtained by proper methods. 

Tests. Osmium compounds, when treated with hydrogen nitrate, give 
off the unpleasant odor of osmium tetroxide. By ignition in hydrogen 
they are reduced to the metallic condition (Fownes). 

LEAD. 

Symbol Pb (Plumbum). Combining weight 207. 
Specific gravity 1 1.4. 

Discovered. Lead was known to the Ancients. 

Preparation. This metal is obtained from its ore or native sulphide 
(Galena), by first roasting and then mixing with the unroasted ore ; the 
two are then heated in a reverberatory furnace, when decomposition takes 
place, and the metal is melted and can be drawn off. 

Pb SO4 + Pb S = 2S0a + Pbg. 

Properties. This well-known metal melts at 617® F. and volatilizes at 
a white heat. 

COMPOUNDS OF LEAD WITH OXYGEN. 

These are three in number, and are as follows : — 

Lead Monoxide Pb O. 

Triplumbic Tetroxide Pb, O4. 

Lead Dioxide Pb Oj. 

LEAD MONOXIDE, Pb O. 

Preparation. This oxide is made by heating the carbonate to dull 
redness. Litharge is an impure oxide that has been melted. 

Properties. It is a pale yellow, very heavy, slightly soluble in water, 
to which it imparts an alkaline reaction. This oxide melts when heated 
to approaching redness. 
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LEAD DIOXIDE, Pb O.. 

Preparation. This oxide is obtained by the addition of hydrogen 
nitrate to the triplumbic tetroxide, washing and dr3ring. 

Pb, O^ -f 2H2 N3 Oe = 2H3 O + 2Pb N3 Oe + Pb O,. 

Properties. It is a dark brown powder; the dioxide is much used for 
separating sulphurous anhydride from mixed gases. 

TRIPLUMBIC TETROXIDE, Pb, 0«. 
Preparation. This oxide is prepared by exposing the monoxide to a 
faint red heat, in a current of air, for 48 hours. 

Properties. It is a bright red, heavy powder, commonly known as red 
lead, and is much used by the painter as a pigment. 

LEAD CHLORIDE, Pb CI,. 
Preparation. This salt can be prepared by the action of a soluble 
chloride on a solution of lead acetate. 

Pb 2(Ca H, Oa) + 2Na CI = 2Na (C^ H, O,) + Pb €1,. 

Properties. It is a white crystalline powder, which is soluble in an 

excess of water. ♦ 

LEAD IODIDE, Pb I,. 

Preparation. This beautiful salt is prepared by the action of potas- 
sium iodide on a solution of lead nitrate or acetate. 

Pb Nj Og + 2K I = Ka Nj, Og + Pb I,. 

Properties. It is a light yellow powder, soluble in hot water, from 
which it can be crystallized. 

LEAD NITRATE, Pb N, 0«. 
Preparation. This salt can be prepared by the action of hydrogen 
nitrate on the monoxide, dissolving in water, filtering, and crystallizing. 

Properties. It is an opaque crystalline body, soluble in water, and is 
decomposed by heat. 

LEAD SULPHATE, Pb SO4. 
Preparation. This salt can be prepared by the action of a soluble 
sulphate on a solution of a soluble salt of lead. 

Pb N^ Oe 4- Mg SO4 = Mg Nj O. + Pb SO^. 

Properties. It is an insoluble white powder. 

LEAD CHROMATE, Pb Cr O4. 
Preparation. This beautiful salt is made by adding potassium chromate 
to a soluble salt of lead. 

Pb Na Oe -f K^ CrO^ = K, N^ Og -}- Pb CrO^. 
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Properties. It is a beautiful yellow salt, much used as a pigment, 
and commonly known as chrome yellow. 

LEAD CARBONATE, Pb Co.. 

Preparation. This salt can be prepared by the action of sodium car- 
bonate on a solution of lead nitrate. 

Pb NgOe + Na, CO3 = Na, NjOg + Pb CO3. 

Or by the process called corrosion. Earthem pots of about half a gallon 
capacity are used ; each of these contains about a quart of vinegar ; and on 
rests which are a short distance above the acids, buckles of lead are 
placed ; a sufficient number having been prepared, they are now placed 
in alternate layers with spent tan bark ; the tops of the pots being protected 
by boards laid loosely over them. The building being filled now remains 
undisturbed, and exposed to the air for a period of two months. Chemical 
action begins ; lead acetate is first formed, and this is then converted into 
the carbonate by that acid which has been formed by the decomposition 
of the spent tan bark. When the pots are taken out all the acid has dis- 
appeared, and the lead carbonate remains; any undecomposed lead is 
separated, and the carbonate ground and washed, and lastly ground with 
oil, if white lead for painting is wanted. 

LEAD SULPHIDE. Pb S. 

Preparation. This compound can be prepared by the action of 
hydrogen sulphide on a solution of a soluble salt of lead. 
Pb Nj Oe + Hj S = Ha N, Oe -f Pb S. 
Properties. It is a black insoluble body. 

COMPOUNDS OF LEAD WITH HYDROGEN ACETATE. 

NORMAL LEAD ACETATE, Pb 3(Cs H, O.) + sH. O. 

Preparation. This important compound can be prepared by the action 
of hydrogen acetate on lead monoxide ; but it is generally obtained from 
the wine producing regions of Europe, where the wine has undergone 
acetic fermentation, thus furnishing large quantities of vinegar. Here 
sheets of lead are alternately exposed to the air and vinegar, and are in 
this way corroded and converted into the acetate. 

BASIC ACETATES OF LEAD. 

These are several in number, and are made by adding lead monoxide, 
in different proportions, to a concentrated solution of the neutral acetate. 

Properties. They are generally white crystalline bodies, which, when 
added to water, undergo decomposition. 
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Tests. The white precipitate produced by potassium or sodium 
hydrate is soluble in an excess of the alkali. Ammonia gives a white 
precipitate which is insoluble in an excess. Alkaline carbonates give 
white precipitates, insoluble in an excess. Ammonium sulphide gives 
black precipitate. Potassium iodide and chromate give yellow precipitates. 

MANGANESE. 

Symbol Mn. Combining weight 55. Specific gravity 7.2. 

Discovered by Gahn in the year 1774. 

Preparation. Deville obtained this metal by decomposing its carbon- 
ate with charcoal, in a crucible made of lime, at a very high heat. 

Properties. It is pinkish-gray in color, is hard and brittle, and when 
powdered decomposes water. 

COMPOUNDS OF MANGANESE WITH OXYGEN. 
These are six in number, and have the following names and composi- 
tion : — 

Manganous Oxide Mn O. 

Manganoso Manganic Oxide Mn, O4. 

Manganic Oxide Mn, O3. 

Manganese Dioxide Mn O^. 

Manganic Anhydride Mn O3. 

Per Manganic Anhydride MUj O7. 

MANGANOUS OXIDE, Mn O. 
Preparation. This oxide is formed when manganese carbonate is 
heated in a current of hydrogen. 

Properties. It is a green powder, which takes fire if touched with a 
red hot body. 

MANGANOSO MANGANIC OXIDE, Mn, O4. 
Preparation. This oxide results when the manganous oxide is burned. 

3Mn + = Mn, O^. 
Properties. It is reddish-brown in color, and is incapable of forming 
salts. 

MANGANIC OXIDE, Mn, G,. 

Preparation. This oxide is found native as braunite. It can be 
prepared by heating the dioxide to redness. 

Properties. It is dark brown in color, is a feeble base, and is capable 
of uniting with hydrogen sulphate and crystallizing with potassium or 
ammonium sulphate, to form an alum. 
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MAI^TGANESE DIOXIDE, Mn O,. 
Preparation. This important oxide is found native, as pyrolusite. It 
can be prepared by heating the nitrate to 325° F. 

Properties. It is black, insoluble in water, and will not combine with 
acids. 

Manganic and Permanganic anhydrides are acid-forming oxides, and 
are capable of uniting with potassa, producing Potassium Manganate and 
Permanganate. 

MANGANESE CHLORIDE, Mn CI.. 

Preparation. This body may be prepared by the action of hydrogen 
chloride on pure manganese dioxide. 

Mn O2 + 4H CI = 2H2 O -f Mn CI2 -f 2CI. 

Properties. It is pink in color, crystalline, and when heated under- 
goes decomposition. 

MANGANESE SULPHATE, Mn SO4. 
Preparation. This salt can be prepared by adding hydrogen sulphate 
to manganese carbonate. 

Mn COj 4- Hg SO4 = CO2 + H2 O -f Mn SO^. 

Properties. It is a rose-colored crystalline salt, very soluble in water, 
and much used in dyeing. 

MANGANESE CARBONATE, Mn CO,. 
Preparation. Double decomposition between manganese dichloride 
and sodium carbonate will form this salt. 

Mn CI2 -f Na2 CO3 = 2Na CI -f- Mn CO3. 

Properties. It is a pale rose-colored powder, and when heated in the 
air gives off carbonic anhydride, and becomes manganoso manganic 
oxide. 

Tests. Alkalies give white precipitates, insoluble in an excess. Alka- 
line carbonates give white precipitates that are insoluble in an excess ; and 
ammonium sulphide throws down a pinkish white sulphide which is 

characteristic. 

IRON. 

Symbol Fe (Ferrum). Combining weight 56. 
Specific gravity 7.8. 

Discovered. This metal was known to the Ancients. 

Preparation. This important metal is sometimes found native, but 
generally in combination with oxygen. 

G 
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The principal ores of iron are the magnetic or black oxide, Fe, O4, 
Red Hematite, Fej O3, and Spathic iron, or Ferrous Carbonate, Fe CO 3. 
These ores, when mingled with limestone and carbon, and heat applied, 
undergo decomposition; carbonic oxide is formed and escapes. The 
silica combines with the alumina and lime, forming glass or slag, and the 
iron is melted and falls to the bottom of the furnace, when it can be drawn 
off. This constitutes cast iron. Wrought iron and steel are forms of iron 
modified in the process of manufacture. 

COMPOUNDS OF IRON WITH OXYGEN. 

These are three in number, and are as follows : — 

Ferrous Oxide Fe O. 

Ferric Oxide FCg O3. 

Ferroso-ferric Oxide Fcg O4. 

FERROUS OXIDE, Fe O. 

Preparation. This oxide, when made by the addition of potassium 
hydrate to a solution of ferrous sulphate, is at first whitish, but soon changes, 
from the absorption of oxygen, to the higher oxide; it is therefore un- 
known in the separate state. A method devised by Debray for its manu- 
facture is as follows : Ferric oxide is heated in a current of gas formed 
of equal volumes of carbon monoxide and carbon dioxide. A black 
jwwder remains, which is ferrous oxide (Wurtz). 

Fca O, + CO = 2Fe O -f CO^. 

FERRIC OXIDE, Fe, O,. 

Preparation. This oxide occurs native as specular iron ore. Ferric 
oxide can be prepared by the action of ammonia on a solution of a ferric 
salt, washing, drying and igniting. 

Fe, 3SO^ + 3(NH J2 O = 3(NH J, SO^ 4 Fe, O,. 

Properties. This oxide is of a red color after ignition, but when in 
the condition of a hydrate it is light brown, and in this condition is the 
only antidote for arsenic worthy of mention. 

FERROSO-FERRIC OXIDE, Fe. O4. 

Preparation. This oxide is found native as Magnetic oxide or load- 
stone. It can be prepared artificially by adding an alkali to a mixed 
solution of a ferrous and ferric salt, boiling and filtering. 

Properties. It is a black powder, which has magnetic properties. 
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COMPOUNDS OF IRON WITH CHLORINE. 

These are two in number, and are as follows : — 

Ferrous Chloride Fe CI, + 4H2 O. 

Ferric Chloride Fcg Cl^ or Fe CI3. 

FERROUS CHLORIDE. Fe CI, + 4H, O. 

Preparation. This chloride can be prepared by the direct action of 
hydrogen chloride on metallic iron. 

Fe + 2H CI = 2H + Fe Clj. 

Properties. It is a green crystalline solid, very soluble and deliques- 
cent, and absorbs oxygen from the air. 

FERRIC CHLORIDE, Fe, CI. or Fe CI,. 

Preparation. This chloride can be made by dissolving ferric oxide in 
hydrogen chloride. 

Fe^ O3 + 6H CI = 3H3 O -h Fe, Cl^. 

Properties. It is a red crystalline body, soluble in water and alcohol. 

COMPOUNDS OF IRON WITH IODINE. 

These are two in number, the Ferrous Iodide, Fe I,, and Ferric Iodide, 
Fcj Iq. When metallic iron, water and iodide are digested together, 
iodine combines with the iron; if the metal be in an excess the salt 
formed will be a Ferrous Iodide, but should the iodine be in excess then 
Ferric Iodide will be the result. 

Properties. Ferrous iodide is pale green in color, is soluble in water, 
but quickly oxidizes when exposed to the air. Ferric iodide is yellowish 
red in color and soluble in water. 

COMPOUNDS OF IRON WITH HYDROGEN SULPHATE. 

These are two in number and are as follows : — 

FerroHs Sulphate Fe SO4 + yH, O. 

Ferric Sulphate Fe, 3SO4. 

FERROUS SULPHATE, Fe SO4 + 7H, O. 

Preparation. This sulphate can be prepared by the action of dilute 
hydrogen sulphate on metallic iron. 

Fe 4- Hj SO4 + 7H2O == H, + Fe SO^ + yH, O. 

Properties. This beautiful salt, commonly called green vitriol or 
copperas^ is soluble in water, and crystalline ; these crystals slowly effloresce 
in the air. 
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FERRIC SULPHATE, Pe, 3SO«. 
Preparation. This sulphate is made by the action of hydrogen 
nitrate on a solution of ferrous sulphate to which hydrogen sulphate has 
been added, and evaporating to dryness. 

2Fe SO^ + Ha SO^ -f H, N, Og = 2Hj O + N^ O^ + Fe^ 3SO4. 
Properties. It is a buff-colored compound, which is slowly dissolved 
in water. Ferric sulphate is one of the most valuable styptics known. 

COMPOUNDS OF IRON WITH HYDROGEN NITRATE. 
These are two in number, and are as follows : — 

Ferrous NiircUe Fe Nj O,. 

Ferric Nitrate Fe, 3N2 Og. 

FERROUS NITRATE, Fe N, O.. 
Preparation. This salt is prepared by the action of cold dilute hydro- 
gen nitrate on the monosulphide of iron, and evaporating the solution in 
a vacuum. 

Properties. It is a pale green crystalline body, very prone to undergo 
decomposition. 

FERRIC NITRATE, Pe, 3N, O,. 

Preparation. This nitrate is prepared by the direct action of hydrogen 
nitrate on metallic iron. 

2Fe + 6H, N^ Oe = 6H, O + 3N, O^ + Fe, sN, Og. 

Properties. It is a deep red liquid, which if evaporated to dryness 
undergoes decomposition. 

FERROUS CARBONATE, Ft CO,. 
Preparation. This salt is prepared by adding a solution of sodium 
carbonate to a solution of ferrous sulphate. 

Fe SO4 + Naj CO, = Na, SO^ + Fe CO,. 

Properties. It is a pale green precipitate, which if washed and dried 
undergoes decomposition and is converted into ferric oxide. 

Tests. Ferrous salts in solution give a blue with ferri-cyanide of 
potassium. Ammonium sulphides gives a black precipitate. Ferric salts 
in solution give a blue with ferro- cyanide of potassium, and a blood -red 
with sulpho-cyanide of potassium. Tanno-gallic acid gives a blue black. 

NICKEL. 

Symbol Ni. Combining weight 58.8. 
SpeciBc gravity 8.8. 

Discovered by Cronstedt in the year 175 1. 
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Preparation. This metal is found native in combination with arsenic 
as KupfemickeL Nickel can be obtained from its oxalate by high heat 
and charcoal. 

Properties. Nickel is a grayish-white metal, is malleable, ductile, and 
one of the hardest metals known. 

COMPOUNDS OF NICKEL WITH OXYGEN. 
These are two in number, and are as follows : — 

Nickel Monoxide.,^ Ni O. 

Nickel Sesquioxide Nij O3. 

NICKEL MONOXIDE, Ni O. 
Preparation. This oxide may be obtained by heating the nitrate to 
redness. 

Properties. It is a gray-colored powder, which unites freely with 
acids, forming salts. 

NICKEL SESQUIOXIDE, Ni, O.. 
Preparation. This oxide can be prepared by heating the nitrate. 

Properties. It is a black powder, which, if strongly heated, parts 
with some of its oxygen, and is converted into monoxide. 

NICKEL CHLORIDE, Ni CI, + gH, O. 

Preparation. This salt can be prepared by adding hydrogen chloride 

to the monoxide. The solution, on being evaporated, deposits a crystalline 

chloride, Ni CI, -j~ 9^2 O* -^^^ anhydrous chloride can be obtained by 

the direct action of chlorine on metallic nickel, if in a finely divided state. 

Properties. It is a beautiful emerald-green crystalline salt, and soluble 

in water. 

NICKEL SULPHATE, Ni SO« -(- 7H, O. 

Preparation. This important salt can be prepared by the action of 
hydrogen sulphate on the oxide or carbonate. 

Properties. It is a green crystalline salt, quite soluble in water, and 
capable of forming double sulphates with potassium or ammonium. The 
ammonia-sulphate of nickel in solution is much used for nickel plating. 

NICKEL OXALATE, Ni C, 0«. 
Preparation. This salt can be prepared by adding a strong solution of 
hydrogen oxalate to nickel sulphate; after the lapse of some time the 
oxalate precipitates. 

Properties. It is a pale, bluish-green, and when subjected to heat, 
undergoes decomposition, leaving metallic nickel. 
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NICKEL CARBONATE, Ni CO3. 
Preparation. This compound can be prepared by mixing solutions of 
sodium carbonate and nickel sulphate. 

Properties. This salt falls as a pale green precipitate, and is decom- 
posed by heat. 

Tests. The precipitate produced by Potassium hydrate is insoluble in 
an excess; that formed by Ammonia is soluble in an excess, and furnishes 
a solution of a deep purple -blue. The carbonates of potassium and sodium 
give pale green precipitates; Ammonium carbonate, a green precipitate, 
which is soluble in an excess. Potassium ferro- and ferri-cyanides also 
give precipitates of a green color. 

COBALT. 

Symbol Co. Combining weight 59. 
Specific gravity 8.6. 

Discovered by Brandt in the year 1753. 

Preparation. This metal can be obtained by calcining the oxalate, 
and heating in a lime crucible, when a button of the metal is formed. 

Properties. It is silvery white, malleable, and magnetic. Cobalt melts 
at about 1700° F., and is unaffected by exposure to the air, but if heated 
to a red heat, is converted into an oxide. 

COMPOUNDS OF COBALT WITH OXYGEN. 
There are several oxides of this metal, the two of importance are as 
follows : — 

Cobalt Monoxide Co O. 

Cobalt Sesquioxide Coj Oj. 

COBALT MONOXIDE, Co O. 
Preparation. This oxide can be prepared by calcining the carbonate. 

Properties. It is a pale green powder, forming salts with the acids 
that are bright red in color. 

COBALT HYDRATE, Co O H, O. 

Preparation. This compound is prepared by adding potassium hydrate 
to a solution of cobalt sulphate. 

Properties. It is a rose-colored precipitate. 

COBALT SESQUIOXIDE, Co. O,. 
Preparation. This oxide can be prepared by passing a current of 
chlorine through water, holding in suspension the hydrate (Wurtz). 
2C0 O -f H3O + Clj = Cog O3 + 2H a. 

Properties. It is a black powder, combines with acids to form salts. 
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COMPOUNDS OF COBALT WITH CHLORINE. 
These are two in number, and are as follows : — 

Cobalt Bichloride Co Qj. 

Cobalt Trichloride Coj Clg. 

COBALT DICHLORIDB, Co CI,. 
Preparation. This chloride may be prepared by heating the powdered 
metal in chlorine, or as a solution by the actions of hydrogen chloride on the 
monoxide or carbonate, with an excess of the acid and concentration. 

Properties. The neutral salt is a light red crystalline body, but when 
concentrated after the acid has been added becomes blue. 

COBALT TRICHLORIDE, Co, CI.. 
Preparation. This chloride is prepared- by the action of hydrogen 
chloride on the sesquioxide. 

Coj O3 -f 6H a =3H,0 + Coa CI,. 

Properties. It is dark brown in color, and is easily decomposed, 

COBALT SULPHATE, Co SO« + 7H, O. 
Preparation. This salt can be obtained by adding dilute hydrc^en 
sulphate to the oxide or carbonate and evaporating. 

Properties. It is a red crystalline body, soluble in water. 

COBALT CARBONATE, Co CO. Co H, 0,« 
Preparation. This compound is formed when an alkaline carbonate 
is added to a solution of cobalt sulphate. 

Properties. It is pale pink in color, and is an oxy-carbonate. 

A nitrate Co Nj O,, and an oxalate, Co Cj O4, can easily be prepared ; 
the first by the action of hydrogen nitrate on the oxide, or carbonate ; and 
the second by the action of hydrogen oxalate on a solution of the sulphate. 
There are also several ammonium compounds. 

Tests. Potassium hydrate gives a blue precipitate. Ammonium sul- 
phide gives a black precipitate. Ammonia gives a blue precipitate, which 
is soluble in an excess. 

CERIUM. 

Symbol Ce. Combining weight 141. 2. Specific gravity 6.7. 

Discovered. By some authorities the credit of the discovery of this 
metal is given to Mbsander; by others to Berzelius and Bisinger, in the 
year 1803. 
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Preparation. This metal can be obtained from the chloride by heating 
it with metallic sodium, or by decomposing the chloride by means of 
electricity. 

Properties. It has the color and lustre of iron, is malleable and 
ductile, but tarnishes in the air if moisture be present. Cerium melts at a 
temperature lower than silver, and bums in a flame, giving out light more 
brilliant than Magnesium. 

COMPOUNDS OP CERIUM WITH OXYGEN. 
These are two in number, and are as follows : — 

Cerium Sesquioxide Cej Oj. 

Cerium Dioxide Ce Oj* 

CERIUM SESQUIOXIDE, Ce, O,. 
Preparation. This oxide can be prepared by the heating the oxalate 
or carbonate in a current of hydrogen gas. 

Properties. It is a greenish-blue powder. 

CERIUM DIOXIDE, Ce O,. 

Preparation. This oxide can be obtained by heating the chloride with 
sodium diborate, in a current of air. 

Properties. It is a pale yellow crystalline body, which, if heated in a 
current of hydrogen, is reduced to the metal. 

The following salts of this metal can be prepared by the proper methods. 
Cerium Chloride, Ce Clg ; Cerium Bromide, Ce Br 3 -|- 3H2 O ; Cerium 
Iodide, Ce I, -f 9^2 0> Cerium Fluoride, Ce F, ; Cerium Sulphate, Ce, 
3SO4 ; Cerium Nitrate, Ccg 3N2 O^ -J- 6H2 O; and Cerium Oxalate, Ce 
C2O44-3H2O. 

CERIUM OXALATE, Ce C, O4 + sHg O. 

Preparation. This compound is prepared by adding Ammonium 
Oxalate to a solution of Cerium Sulphate. 

Ce SO^ -f (NH J2 C2 O4 = (NH J2 SO^ + Ce C^ O4 + 3H2 O. 

Properties. It is a white, granular powder, insoluble in water, de- 
composed by red heat, to the oxide. 

Tests. Ammonia gives a white precipitate, insoluble in excess. Potas- 
sium and sodium hydrates give white precipitates, that turn yellow on the 
addition of chlorine water. Ammonium oxalate gives a white insoluble 
precipitate, not easily soluble even in hydrogen chloride. 
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INDIUM. 

Symbol In. Combining weight 113.4. 

Specific gratity 7.4. 

Discovered by Reich and Richter in the year 1863. 

Preparation. This metal can be prepared from its oxide, by heat- 
ing it to redness in a current of hydrogen, or by fusion with metallic 
sodium. 

Properties. It is a white, non-crystalline metal, malleable and softer 
than lead, and not acted on by the air or moisture. Indium melts at 
348.8° F. 

The following compounds of this metal can be prepared by proper 
methods : Indium Oxide, In, O3 ; Indium Chloride, In, Cl^ ; Indium 
Sulphate, In, 3SO4 ; Indium Sulphite, In 2 3SO3 +4H2 O; Indium Nitrate, 
In, 3N3 Og -j- 3H2 O, and Indium Sulphide, In, S3. 

Tests. Compounds of Indium, when moistened with hydrogen chlo- 
ride, color a non-luminous gas flame a dark blue color. 

URANIUM. 

Symbol U. Combining weight 120. Specific gravity 18.4. 

Discovered by Klaproth in the year 1798. 

Preparation. This metal is found in pitch-blende, which is a native 
oxide. The metal is obtained from the chloride by decomposing it with 
metallic sodium. 

Properties. It is a black powder, and when fused is white and mal- 
leable. 

This metal forms compounds with Oxygen, Chlorine, Iodine, Bromine, 
Fluorine, Hydrogen Sulphate and Hydrogen Nitrate. It also plays the 
part of an acid when in combination with oxygen in higher quantities, 
uniting with Sodium, Ammonium, etc., forming salts, the Uranates. 

Tests. The uranous salts form green solutions, Potassium hydrate 
giving them a red-brown precipitate. Sodium carbonate gives a green 
precipitate which is soluble in an excess. Ammonium Sulphide gives a 
black precipitate. Uranic salts are yellow, and give with the fixed alka- 
lies yellow precipitates ; the alkaline carbonates give yellow precipitates 
which are soluble in an excess of the reagent. Ammonium sulphide gives 
a black precipitate. 
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PENTAD METALS. 

VANADIUM. 

Symbol V. Combining weight 51.2. 
Discovered by Sefstrom in the year 1830. 

Preparation. An impure metal is obtained by heating the nitrite to 
whiteness in ammonia gas (Fownes). 

Properties. It is described as a white, brittle substance, having a 
strong lustre, and very refractory in the fire (Fownes). 

This metal forms compounds with the electro-negatives, oxygen, chlo- 
rine, sulphur, etc. 

Tests. Vanadic and chromic acids are the only acids whose solutions 
are red ; by deoxidation vanadic acid becomes blue, and chromic acid 
green. 

ANTIMONY. 

Symbol Sb (Stibium). Combining weight 122. 

Specific gravity 6.8. 

Discovered by Basil Valentine in the year 1460 ? 

Preparation. This metal is obtained from the native sulphide ; it is 
first melted, to free it from earthly impurities, then roasted in the air ; the 
oxy-sulphide thus formed, is powdered, mixed with carbon and sodium 
hydrate, and calcined ; metallic antimony will be found in the bottom of 
the crucible. The pure metal can be obtained by reducing the oxides 
with charcoal. 

Properties. Antimony is a white metal with a blueish lustre, very 

brittle, melts at a temperature below redness, and volatilizes at a white 

heat. 

COMPOUNDS OF ANTIMONY WITH OXYGEN. 

These are three in number, and are as follows : — 

Antimonous Oxide (basic) Sbj O,. 

Antimonic Oxide {acid) ^ Sbj O5. 

Diantimonic Tetroxide {neutral) « Sbj O4. 

ANTIMONOUS OXIDE, Sb, O.. 
Preparation. This oxide may be prepared by burning the metal in 
the air, the operation being conducted in crucibles, one above the other, 
an opening being in the upper one, that air may enter. Or by decom- 
posing the chlorine with water, and digesting the precipitate with sodium 
carbonate. 
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Properties. If prepared by direct oxidation it is crystalline ; if by 

precipitation, it is a pale buff-colored powder. Antimonous oxide is 

fusible and volatile. 

ANTIMONIC OXIDE, SbgO,. 

Preparation. This oxide can be prepared as an insoluble hydrate, by 
the direct action of hydrogen nitrate on metallic antimony, if the hydrate 
be heated short of redness, the anhydrous oxide remains. 

Properties. As a hydrate, it is a white powder, capable of playing the 
part of an acid, similar to meta-phosphoric acid ; as an anhydride it is a 
yellow powder, insoluble in water, and decomposable by heat. 

DIANTIMONIC TETROXIDE, SbsO^. 

Preparation. This oxide can be prepared by heating antimonous 
oxide in the air, or by calcining the antimonic oxide. 

Properties. It is an infusible, white powder, insoluble in water. 

COMPOUNDS OF ANTIMONY WITH CHLORINE. 
These are two in number, and are as follows : — 

Antimony Trichloride Sb CI,. 

Antimony Pentachloride SbClj. 

ANTIMONY TRICHLORIDE, 8b CI.. 
Preparation. This chloride is prepared by the action of hydrogen 
chloride on the sulphide of antimony, and distilling the product. 

Sbj S3 -h 6H CI = 3S Ha + 2Sb CI3. 

Properties. It is a colorless, transparent solid, capable of being melted, 
but if thrown into water undei^oes decomposition. 

ANTIMONY PENTACHLORIDE, Sb CI,. 

Preparation. This chloride can be prepared by passing a stream of 
chlorine over gently heated metallic antimony, and distilling the product ; 
the pentachloride will remain, the trichloride passing off. 

Properties. It is a yellow, volatile liquid, which cannot be distilled 
without undergoing decomposition. 

COMPOUNDS OF ANTIMONY WITH SULPHUR. 
These are two in number, and are as follows : — 

Antimony Trisulphide Sb, S,. 

Antimony Pentasulphide Sbj S5. 

ANTIMONY TRISULPHIDE, Sb,Sa. 
Preparation. This sulphide, though found native, can be prepared by 
adding sulphur to melted antimony, or by passing a stream of hydrogen 
sulphide into a solution of tartar emetic. 
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Properties. It is a brownish-red powder, insoluble in water, but 
soluble in potassium sulphide. 

ANTIMONY PENTASULPHIDB, Sb, S.. 
Preparation. This sulphide can be prepared by adding dilute hydro- 
gen sulphate to a solution of sodium sulph-antimoniate. 

2SbS4 Na, 4- 3Hj SO^ + H3O = H^O + sNa, SO^ -f sSH, + Sb^S^. 

Properties. It is a golden yellow powder. 

HYDROGEN ANTIMONIDE (STIBINE), Sb H,. 
Preparation. This gas can be prepared by the combined action of 
antimonous oxide, metallic zinc, and dilute hydrogen sulphate. 

2Sbj O, -f 6Zn + 6H2 SO^ -f Hj O = 6Zn SO4 + 3H, O + 2Sb H,. 

Properties. This is an inflammable gas, burning with a white flame, 
forming water and antimonous oxide. If the flame is chilled by a cold 
porcelain surface, a black spot is formed on it, which is insoluble in sodium 
hypochlorite. 

Tests. The formation of stibine, and its action on porcelain. The 
reduction of the sulphide with black flux, producing a non-volatile black 
ring, which, when heated in a current of air gives a non-volatile and non- 
crystalline white deposit. 

BISMUTH. 

Symbol Bi. Combining weight 210. 
Specific gravity 9.8. 

Discovered. By Agricola in the year 1529. 

Preparation. This metal is obtained from its principal ore, the 
sulphide (Bi, S3). The ore having been roasted, the reaction occurs : — 

2Bi2 S3 + 9O2 = 2Bi, O3 + 6 SOj. 

This oxide is now heated with charcoal, when metallic bismuth and 
carbonic oxide result. 

2Bij03 + 6C = 4Bi + 6C0. (Mater.) 

Properties. It is grayish, with a pink tinge, melts at 500° F., and 
volatizes at a white heat. This metal forms a remarkable alloy which 
consists of one part of lead, one of tin, and two of bismuth ; this alloy melts 
at a temperature below that of boiling water. Bismuth possesses the 
remarkable property of expanding on cooling. 

COMPOUNDS OF BISMUTH WITH OXYGEN. 
These are three in number, and are as follows : — 

Bismuthous Oxide Bi O. 

Bismuthic Oxide Big O3. 

Bismuthic Anhydride , Bi^ O5. 
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BISMUTHOUS OXIDE, Bl O. 
Preparation. This oxide can be prepared from the trichloride by the 
aaion of tin monochloride and an excess of potassium hydrate. 

Properties. It is a black powder, which, if heated in contact with the 
air, becomes converted into the bismuthic oxide. 

BI8MUTHIC OXIDE, Bi. O.. 
Preparation. This oxide, the most important of the metal, is prepared 
by heating the nitrate or the metal in air. 

Properties. It is a yellow powder, which becomes brown when heated 
and fuses easily when a higher temperature is applied. 

BISMUTHIC ANHYDRIDE, Bi, O,. 
Preparation. This oxide can be prepared by passing chlorine into 
bismuthic oxide suspended in a strong solution of potassium hydrate, treat- 
ing with strong hydrogen nitrate and applying heat. 

Properties. It is a brown powder, which, if subjected to a high heat, 
loses oxygen and is converted into a lower oxide. 

COMPOUNDS OP BISMUTH WITH CHLORINE. 
These are two in number, and are as follows : — 

BiimtUh Dichloride Bij Cl^. 

Bismuth Trichloride ^ Bi Clj. 

BISMUTH DICHLORIDE, Bi, Cl«. 
Preparation. This chloride can be prepared by heating the trichloride 
with metallic bismuth. 

Properties. It is a crystalline body, having a brown color, easily 
fusible, and decomposed by water. 

BISMUTH TRICHLORIDE, Bi CI.. 
Preparation. This chloride can be prepared by heating metallic bis- 
muth in a current of chlorine. 

Properties. It is a white body, easily melted, and absorbs moisture 

from the air and becomes converted into an oxychloride, called pearl 

white. 

Bi CI, 4- Ha O = 2H CI + Bi CI O. 

Bismuth combines with Iodine, forming a Triiodide, Bi I,, with Bro- 
mine a Tribromide, Bi Br,, and with Fluorine a Trifluoride, Bi F,. 

BISMUTH NITRATE, Bi, sN, O. -(- sH, o- 
Preparation. This salt is prepared by the direct action of hydrogen 
nitrate on metallic bismuth. 

2Bi -f 4Ha Na Oe = N^ O, -f a,YL^ O -f- Bi, 3N2 O,. 

Properties. It is a transparent, crystalline, deliquescent solid. 
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BISMUTH SUBNITRATB, Bi, 3N, O, Bi. O, + sH, O. 
Preparation. This compound is prepared by throwing the normal 
nitrate into water. 

Properties. It is a white crystalline powder that varies in composition, 
from the amount of oxide it may contain. 

Bismuth combines with sulphur, and forms two sulphides and an oxy- 
sulphite, as follows: — 

Bismuth Disulphide Bij Sj. 

Bismuth Trisulphide Bij Sg. 

Bismuth Oxysulphide Bi^ O5 S. 

These compounds are easily prepared by the action of hydrogen sulphide, 
or by fusing the metallic bismuth with sulphur. 

BISMUTH BASIC CARBONATE, a(Bi O). CO, + H. O. 
Preparation. This compound is prepared by adding Ammonium 
Carbonate to a solution of the normal nitrate in dilute hydrogen nitrate. 

Properties. It is a white powder, and is to be dried by gentle heat, or 
it will decompose and become the oxide. 

Tests. Hydrogen sulphide gives a black precipitate. Ammonia, 
potassium and sodium hydrates give white precipitates, insoluble in an ex- 
cess and becoming changed into the yellow oxide (Bi, O3) on boiling. 

Water causes a white precipitate. Potassium chromate gives a yellow 
precipitate. Potassium iodide gives a brown pecipitate. Alkaline car- 
bonates give white precipitates. Zinc, when added to a solution of bismuth, 
causes a deposit of metallic bismuth as a dark gray powder (Milter). 

NIOBIUM. 

Symbol Nb, Combining weight 94. 
Specific gravity 4.06 ? 

Discovered. The credit of discovery of this metal has been given to 
Hatchettj in the year 1801, also to Blomstrand, 

Preparation. This metal can be obtained by decomposing the chloride 
with hydrogen and heat. 

Properties. It is steel-gray in color, and is little acted on by the mineral 
acids, with the exception of hydrogen sulphate. 

This metal forms compounds with oxygen, chlorine, bromine, sulphur, 
etc. , which can be prepared by proper methods. 

Tests. To a solution of a niobate, hydrogen chloride gives a white pre- 
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cipitate. Potassium ferro-cyanide, a red precipitate. Potassium fcrri- 
cyanide, a bright yellow precipitate. Infusion of galls, an orange-red 
precipitate. 

TANTALUM. 

Symbol Ta. Comlnning weight 182. 
Specific gravity 10.07 ? 

Discovered by Ekeberg^ in the year 1803. 

Preparation, This metal has not yet been separated in a pure form. 

This metal combines with oxygen, forming oxides and oxygen acids ; 
with Bromine, Iodine, Fluorine, forming Iodides, Bromides, and Fluorides. 
Tantalum also forms compounds with Sulphur and Nitrogen. 

Tests. Hydrogen chloride gives a white precipitate, soluble in excess. 
Potassium ferro-cyanide gives a yellow precipitate. Potassium ferri-cyanide 
gives a white precipitate. Infusion of galls gives a light yellow precipitate 
(Fownes). 

HEXAD METALS. 

CHROMIUM. 

Symbol Cr. Combining weight 52.4. 
Specific gravity 6.81 (Wohler), 7.3 Bunsen. 

Discovered by Vanqueliriy in the year 1797. 

Preparation. Deville obtained this metal by subjecting a mixture of 
sugar and chromic oxide to an intense heat, in a lime crucible. 

Properties. It is a light green crystalline powder ; it is very hard and 
^ difficult to melt. Chromium is not acted on by hydrogen nitrate, but 
hydrogen sulphate and chloride combine promptly, liberating hydrogen 
gas. 

COMPOUNDS OP CHROMIUM WITH OXYGEN. 

There are two basic oxides and one acid-forming oxide of this metal ; 
these oxides unite among themselves, forming compounds. 

Chromium Monoxide Cr O. 

Chromium Sesquioxide CrOj. 

Chromium Trioxide Cr Og. 

CHROMIUM MONOXIDE Cr O. 
Preparation. This oxide is not known in any other form but as a 
hydroxide (Cr O Hj O). It can be prepared by adding potassium hydrate 
to a solution of chromium dichloride. 
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Properties. It is a brownish-yellow precipitate, which, if heated, 
loses water, and is converted into the chromic oxide. 

CHROMIUM SESQUIOXIDE Cr, O,. 
Preparation. This oxide can be prepared by firing the hydroxide. 

Properties. It is a dirty green, amorphous powder. 

CHROMIUM TRIOXIDE Cr O,. 
Preparation. This oxide, called chromic acid, is prepared by the 
action of the hydrogen sulphate on a cold saturated solution of potassium 
dichromate. 

Properties. It crystallizes in dark red needles, is very deliquescent 
and corrosive. Chromium trioxide combines with metallic oxides an d 
forms salts, the chromates. 

COMPOUNDS OP CHROMIUM WITH CHLORINE. 
These are two in number, and are as follows : — 

Chromium Dichloride CrClj. 

Chromium Trichloride , Cr^ CI3. 

CHROMIUM DICHLORIDE Cr CI,. 
Preparation. This chloride can be obtained by passing a stream of 
dry hydrogen over the trichloride heated to redness in a glass tube. 

Properties. It is white in color, and is one of the most powerful 
deoxidizers known. 

CHROMIUM TRICHLORIDE Cr, CI,. 
Preparation. This chloride can be prepared by passing a stream of 
chlorine over a mixture of chromium sesquioxide and charcoal heated to 
redness in a porcelain tube. 

Properties. The trichloride is found in shining scales having a beau- 
tiful violet color ; it is insoluble in cold, and only sparingly so in hot or 
boiling water. 

There are many other salts of chromium, both simple and compound , 
that are of interest. 

Tests. Chromic salts respond with the following reagents : Barium 
salts give pale yellow precipitates. Soluble salts of lead give bright yellow 
precipitates. Mercurous salts give brick red precipitates, and silver salts 
give crimson precipitates (Fownes). 
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MOLYBDENUM. 

Symbol Mg. Combining weight 95.8. 
Specific gravity 8.6. 

Discovered by Hjelm in the year 1782. 

Preparation. This metal can be prepared by passing a stream of 
hydrogen over the chloride, heated to redness. 

Properties. It resembles silver in color, but is harder than that metal, 
and requires for its fusion a high temperature. Molybdenum oxidizes in 
the air when heated, and decomposes at a red heat. It is not acted on 
by dilute mineral acids. 

This metal forms many interesting compounds with oxygen, chlorine, 
iodine, bromine, fluorine, sulphur, etc., all of which can be prepared by 
proper methods. A salt of this metal, the Ammonium Molybdate (N 
114)2 M0O4 is used as a test for a soluble phosphate, and is very delicate, 
giving a yellow precipitate, phospho-molybdate of ammonium. 

Tests. Soluble salts of this metal respond with reagents as follows : 
Hydrogen sulphide gives a blackish precipitate, which is soluble in 
ammonium sulphide. Alkalies and Alkaline carbonates give a brownish- 
black precipitate, soluble in potassium dicarbonate; potassium ferro- 
cyanide gives a dark brown precipitate, and sodium phosphate, a white 
precipitate (Fownes). 

TUNGSTEN. 

Symbol W (Wolfram). Combining weight 183.5. 
Specific gravity 19.1. 

Discovered by Juatiy Josi and Fausto (fElhujar, Spanish chemists, in 
the year 1783. 

Preparation. This metal can be obtained as a powder by igniting the 
pure trioxide in a porcelain tube and passing a current of dry, pure 
hydrogen over it (Roscoe). 

Properties. It has a gray metallic lustre, does not oxidize in dry or 
moist air, but at a red heat unites with oxygen, being converted into the 
trioxide. 

This metal unites with oxygen, forming both oxides and oxygen acids ; 
these acids combine and form salts with bases, especially with potassium 
and sodium ; with the latter metal several tungstates are known. Tung- 
sten also combines with Chlorine, Bromine, Iodine and Sulphur. Marignac 
gives formuloe for three compounds of tungsten with silicic acid. 

H 
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Tests. Soluble salts of this metal, when super- saturated with sulphuric, 
hydrochloric, phosphoric, oxalic or acetic acids, yield, on the introduction 
of a piece of zinc, a beautiful blue color due to tungsten oxide (Fownes). 

The following analytical tables, taken from Vacher's Primer of 
Chemistry, are recommended, for their simplicity and brevity ; and may be 
of service to the student ; — 
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A TEXT-BOOK FOR STUDENTS. 



BY PROP. VICTOR voy RICH PER, 
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Authorized Translation from the Third German Edition, 
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In most of the chemical text-books of the present day, one of the 
striking features and difficulties with which teachers have to contend 
is the separate presentation of the theories and facts of the science. 
These are usually taught apart, as if entirely independent of each 
other, and those experienced in teaching the subject know only too 
well the trouble encountered in attempting to get the student properly 
interested in the science and in bringing him to a clear comprehension 
of the same. In this work of Prof, von Richter, which has been 
received abroad with such hearty welcome, and for which there has 
been a great demand, two editions having been rapidly disposed of, 
theory and fact are brought close together, and their intimate relation 
clearly shown. From careful observation of experiments and their 
results, the student is led to a correct understanding of the interesting 
))rinciples of chemistry. The descriptions of the various inorganic 
substances are full, and embody the results of the latest discoveries. 
The periodic system of Mendelbjeff and Lothar Meyer constitutes 
an important feature of the book. The therm o- chemical phenomena 
of the various groups of elements also receive proper consideration, 
both in their relation to chemical affinity and the law of periodicity. 
The matter is so arranged as to adapt the work to the use of the be- 
ginner, as well as for the more advanced stndent of chemical science. 

The arrangement of types, size of the book, etc. , are such as to 
facilitate its use. 

This work has reached three editions in Germany, five in llussia, 
one in Holland, and is now being brought out in Italian. 

P. BLAEISTOIT, SOIT & CO., Pnblishers and Booksellers, 

MEDICAL AND SCIENTIFIC BOOKS, 

No. 1012 WaJnut Street, :PhUad€lphia. 

See following pages for recoxnxneiidations and preface. 



Becommendations of Sicliter's Inorganic Chemistry. 



PVom JOHN MARSHALL, M.D., Nat. Sc.D. (Tlibin^n), Demon- 
strator of Chemistry in the University of Pennsylvania. 

Knowing the value of the excellent work of Prof von Richter in 
the original, I am pleased to hear of a forthcoming English transla- 
tion, by such an able chemist and admirable translator as Prof. Smith. 

The work is of undoubted value. The theory of chemistry, which 
is generally the bugbear of students, is in this book very clearly 
explained, and the explanations are so well distributed through the 
book that students are brought easily from the simplest to the most 
difficult problems. 

That part descriptive of the elements and their compounds is full, 
and all that could be desired in a text-book, while the cuts, with which 
the work is profusely illustrated, are an excellent aid to the student. 
Altogether, it is one of our best modern works on chemistry. 



Muhlenberg College, Chemical Laboratory, 

Allextown, Pa. 

This volume is especially adapted for use as a text-book ; and, if for 
no other reason than for its superior arrangement, should find its way 
into our best schools and colleges. The author has apparently accom- 
plished the difficult task of mrnlshing to the student a book that 
combines, with the utmost clearness, the two departments of general 
chemistry, in such a way as to remove the trouble which has for a 
long time been experienced in applying the theoretical knowledge 
obtained to the explanation of the inorganic portion of the work. Jn 
this volume, however, the two departments are treated at one and the 
same time. The name of the translator should insure it a cordial 
reception by all American chemists. 

N. WILEY THOMAS. 



I am well acquainted with von Richter* s Inorganic Chemistry in its 
original German form. Its success abroad has been exceptional, 
having rapidly run through several large editions in Germany, and 
having been translated into at least two other languages. 

With the large number of text-books ou Inorganic Chemistry at 
present in the field, this success could only have been achieved be- 
cause of distinctive features which merited commendation. 

These we find to be the clear presentation of simple underlying 
theory and succinct statements of illustrative facts; but above all, in 
the well chosen order in which present views of chemistry are de- 
veloped in successive steps. 

Dr. Smith's previous successes in the role of translator and editor 
of German works on chemistry insure an accurate reproduction of 
the original. 

We have no doubt that the work will be as well received by Ameri- 
can chemists as it has been abroad. 

SAM'L P. SADTLER, 

Prof, of General and Organic Chemistry, University of Penn^a. 



PREFACE 

TO TUB 

Amebican Edition op Richter's Inorganic Chemistry, 

by edoas f. smith, m. a., ph. d. 



The success of Prof, von Richter's work abroad would 
indicate its possession of more than ordinary merit. This we 
believe true, inasmuch as, in presenting his subject to the stu- 
dent, the author has made it a point to bring out prominently 
the relations existing between &,ct and theory. These, as 
well known, are, in most text-books upon inorganic chemistry, 
considered apart, as if having little in common. The results 
attained by the latter method are generally unsatisfactory. 
The first course — ^that adopted by our author — to most minds 
would be the more rational. To have experiments accurately 
described and carefully performed, with a view of drawing 
conclusions from the same and proving the intimate connec- 
tion between their results and the theories based upon them, 
is obviously preferable to their separate study, especially 
when they are treated in widely removed sections or chapters 
of the same book. Judging from the great demand for von 
Richter's work, occasioning the rapid appearance of three 
editions, the common verdict would seem to be unanimously 
in favor of its inductive methods. 

In the third edition, of which the present u a translation, 
the Periodic System of the Elements, as announced by Men- 
DELEJEFF and Lothar Meyer, is somewhat different, in the 
manner of development and presentation, from that appearing 
in the previous editions. This was done to give more promi- 
nence to and make more general the interesting relations dis- 
closed by it. Persons examining this system carefully will be 
surprised to discover what a valuable aid it really has been, 
and is yet, in chemical studies. Through it we are continually 
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arriving at new relations and facts, so that we cannot well 
hesitate any longer in adopting it into works of this character. 
It is, indeed, made the basis of the present volume. In ac- 
cordance with it, some change in the treatment of the metals, 
ordinarily arbitrarily considered, has been made. 

A new feature of the work, and one essentially enlarging it, 
is the introduction of the thcrmo-chemical phenomena, briefly 
presented in the individual groups of the elements and in 
separate chapters, together with the chemical affinity relations 
and the law of periodicity. "Hereby more importance is 
attributed to the principle of the greatest heat development 
than at present appears to belong to it, because it was desired, 
from didactic considerations, by the explanation of the few 
anomalies, to afford the student the incentive and opportunity 
of deductively obtaining the majority of facts from the ther- 
mal numbers, on the basis of a simple principle. To facilitate 
matters, there is appended to the volume a table containing 
the heat of formation of the most important compounds of the 
metals." 

Trusting that the teachings of this work will receive a 
hearty welcome in this country, and that they will meet a 
want felt and often expressed by students and teachers, we 
submit the following translation of the same. 



In Tireparation, 

A TEXT-BOOK 



OF 



ORGANIC CHEMISTRY, 

BY 

PROFESSOR VICTOR von RICHTER. 



AUTHORIZED TRANSLATION FROM THE FOURTH GERMAN EDITION, 
BY EDGAR F. SMITH. M A , PH D., 

Translator of Richtcr's Inorganic Chemistry ; Prof, of Chemistry in Wittenberg Collcf^e, 

Springfield, Ohio; formerly in the Laboratories of the University of Pennsylvania 

and Muhlenberg College; Member of the Chemical Societies of Berlin and 

Paris, of the Academy of Natural Sciences of Philadelphia, etc., etc. 



12mo. A Companion Volume to Inorganic Chemistry. 
P. BLAKISTON, SON & CO., Publishers, 1012 Walnut St., Philada. 
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A CATALOGUE 



OF 



BOOKS FOR STUDENTS; 

INCLUDING A FULL LIST OF 

The f Quiz-Compends ? 

AND MANY OF 

THE MOST PROMINENT 

Students' Manuals and Text-Books 



PUBLISHED BY 



P. BLAKISTON, SON & CO., 

Medical Booksellers, importers and Publishers, 

No. 1012 WALNUT STREET, 



FHII.ADEI.FHIA. 



•»* For sale by all Booksellers, or any book will be sent by mail, 
postpaid, upon receipt of price. Catalogues of books on Dentistry, 
Pharmacy, etc., supplied upon application. 



THE PQUIZ-COMPENDS? 

A NEW SERIES OF COMPENDS FOR STUDENTS. 

For Use in the Quiz Class and when 
Preparing for Examinations. 

Price of Each, Bound In Cloth. $1.00 intorieaved, $1.25. 



Based on the most popular text- books, and on the lec- 
tures of prominent professors, they form a most complete 
set of manuals, containing information nowhere else 
collected in such a condensed, practical shape. The 
authors have had large experience as quiz masters and 
attaches of colleges, with exceptional opportunities for 
noting the most recent advances and methods. The 
arrangement of the subjects, illustrations, types, etc., are 
all of the most improved form, and the size of the books 
is such that they may be easily carried in the pocket. 

No. 1. ANATOMY. (lUustrated.) 

A Compend of Human Anatomy. By Samuel O. L. 
Potter, m.a., m.d., U. S. Army. With 63 Illustrations. 

" The work is reliable and complete, and just what the student 
needs in reviewing the subject for nis examinations." — T%£ Physi- 
cian and Surgeons Investigator , Buffalo, N. Y. 

** To those desirinE to post themselves hurriedly for examination, 
this little book will be useful in refreshing the memory." — New 
Orleans Medical and Surgical yournal. 

" The arrangement is well calculated to facilitate accurate memo- 
rizing, and the illustrations are clear and good." — North Carolina 
Medtcal yournal. 

Nos. 2 and 3. PRACTIOB. 

A Compend of the Practice of Medicine, especially 
adapted to the use of Students. By Dan'l E. Hughes, 
M.D., Demonstrator of Clinical Medicine in Jefferson 
Medical College, Philadelphia. In two parts. 
Part I. — Continued, Eruptive, and Periodical Fevers, 
Diseases of the Stomach, Intestines, Peritoneum, Biliary 
Passages, Liver, Kidneys, etc., and General Diseases, etc. 
Part II. — Diseases of the Respiratory System, Circu- 
latory System, and Nervous System; Diseases of the 
Blood, etc. 

*^* These little books can be regarded as a full set of 
notes upon the Practice of Medicine, containing the 
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Synonyms, Definitions, Causes, Symptoms, Prognosis, 
Diagnosis, Treatment, etc., of each disease, and includ- 
ing a number of new prescriptions. They have been 
compiled from the lectures of prominent Professors, and 
reference has been made to the latest writings of Pro- 
fessors Flint, Da Costa, Reynolds, Bartholow, 
Roberts and others. 

" It is brief and concise, and at the same time possesses an accu- 
racy not generaUy found in compends." — yas. Af. French^ M.D., 
Ass't to the Prof, of Practice ^ Medical College of Ohio, Cincinnati. 

** The book seems very concise, yet very comprehensive. . . . 
An unusually superior book." — Dr. E. T. Bruen, Demonstrator 
of Clinical Medicine , University of Pennsylvania. 

** I have used it considerably in connection with my branches in 
the Quiz-class of the University of La." — y. H. Bemiss, New 
Orleans. 

** Dr. Hughes has prepared a very useful little book, and I shall 
take pleasure in advising my class to use it." — Dr. George IV. 
Hall , Professor of Practice f Si. Louis College of Physicians and 
Surgeons. 

No. 4. PHYSIOLOGY. 

A Compend of Human Physiolc^y, adapted to the use 
of Students. By Albert P. Brubaker, m.d.. De- 
monstrator of Physiology in Jefferson Medical College, 
Philadelphia. 

'' Dr. Brubaker deserves the hearty thanks of medical students 
for his Compend of Physiology. He nas arranged the fundamental 
and practical principles of the science in a peculiarly inviting and 
accessible manner. I have already introduced the work to my 
class." — Maurice N. Miller , M.D., Instructor in Practical His- 
tology, fomurly Demonstrator of Physiology, University City of 
New York, 

*' ' Quiz-Compend ' No. 4 is fully up to the high standard estab- 
lished oy its predecessors of the same series." — Medical Bulletin^ 
Philadelphia. 

*' I can recommend it as a valuable aid to the student." — C. N. 
Ellinwood, M.D. , Prifessor of Physiology, Cooper Medical Col- 
lege, San Francisco. 

" This is a well writtan little \iw^:'— London Lancet. 

No. 6. OBSTBTRIOS. 
A Compend of Obstetrics. For Physicians and Students. 
By Henry G. Landis, m.d., Professor of Obstetrics 
and Diseases of Women, in Starling Medical College, 
Columbus. Illustrated. 

" We have no doubt that many students will find in it a most val- 
uable aid in preparing for examination." — The American Journal 
qf Obstetrics. 

** It is complete, accurate and scientific. The very best book ot 
its kind I have seen." — J. S. Knox, M.D.^ Lecturer on Obstetrics, 
Rush Medical College, Chicago. 
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I have been teaching in this department for many years, and am 
free to say that this will be the best assistant I ever had. It is ac- 
curate and comprehensive, but brief and pointed." — Prqf. P. D, 
Vostf St. Louts. 

No. 6. MATERIA MEDICA. 

A Compend on Materia Medica and Therapeutics, with 
especial reference to the Physiological Actions of 
Drugs. For the use of Medical, Dental, and Pharma- 
ceutical Students and Practitioners. Based on the New 
Revision (Sixth) of the U. S. Pharmacopoeia, and in- 
cluding many unofBcinal remedies. By Samuel O. 
L. Potter, M.A., M.D., U. S. Army. 

" I have examined the little volume carefullv, and find it just 
such a book as I require in my private Quiz, and shall certainly re- 
commend it to my classes. Yoiu- Compends are all popular here iu 
Washington."— >£>A« E.Brackett, M.D.y Professor of Materia 
Medica and Therapeutics, Howard Medical College , Washington. 

" Part of a series of small but valuable text-books. . . . While 
the work is, owine to its therapeutic contents, more useful to the 
medical student, the pharmaceutical student may derive much use- 
ful information from it." — JV. Y. Pharmaceutical Record, 

No. 7. CHEMISTRY. 

A Compend of Chemistry. By G. Mason Ward, m.d.. 
Demonstrator of Chemistry in Jefferson Medical Col- 
lege, Philadelphia. Including Table of Elements and 
various Analytical Tables. 
" Brief, but excellent. ... It will doubtless prove an admirable 

aid to the student, by fixing" these facts in his memory. It is worthy 

the study of botn medical and pharmaceutical students in this 

branch.' — Pharmaceutical Record, Nev) York. 

No. 8. VISCERAL ANATOMY. 

A Compend of Visceral Anatomy. By Samuel O. L. 
Potter, M. A., m.d., U. S. Army. With 40 Illustrations. 

*«* This is the only Compend that contains full descriptions of the 
viscera, and will, together with No. i of this series, form the only 
complete Compend di Anatomy published. 

No. O. SURG-ERIT. Illustrated. 

A Compend of Surgery ; including Fractures, Wounds, 
Dislocations, Sprains, Amputations and other opera- 
tions. Inflammation, Suppuration, Ulcers, Syphilis, 
Tumors, Shock, etc. Diseases of the Spine, Ear, Eye, 
Bladder, Testicles, Anus, and other Surgical Diseases. 
By Orville Horwitz, a.m., m.d., with 43 Illustra- 
tions. 

Price of Each, Cloth, $1.00. Interleaved for Notes, $1.26. 



STUDENTS' MANUALS. 



TYSON, ON THE URINE. A Practical Guide to 
the Examination of Urine. For Physicians and Stu- 
dents. By James Tyson, m.d., Professor of Path- 
ology and Morbid Anatomy, University of Pennsylva- 
nia. With Colored Plates and Wood Engravings. 
Fourth Edition. i2mo, cloth, I1.50 

GILLIAM'S PATHOLOGY. The Essentials of 
Pathology; a Handbook for Students. By D. ToD 
Gilliam, m.d.. Professor of Physiology, formerly Pro- 
fessor of Pathology, Starling College, Columbus, Ohio. 
48 Illustrations. i2mo, cloth, ;f(2.oo 

BRUEN'S PHYSICAL DIAGNOSIS. The Phy- 
sical Diagnosis of the Heart and Lungs. By Edward 
T. Bruen, m.d., Demonstrator of Clinical Medicine, 
University of Pennsylvania. Second Edition, Re- 
written and Rearranged. With new and original Il- 
lustrations. i2mo, cloth, ;f(i.50 

HEATH'S MINOR SURGERY. A Manual of 
Minor Surgery and Bandaging. By Christopher 
Heath, m.d.. Surgeon to University College Hospital, 
London. 6th Edition, 115 111. i2mo, cloth, ;^2.oo 

MUTER'S ANALYTICAL CHEMISTRY. Prac 
tical and Analytical Chemistry. By John Muter, 
M.D. 8vo, cloth, I2.50 

VIRCHOW'S POST-MORTEMS. Post-Mortem 
Examinations. A Description and Explanation of the 
Methods of Performing them. By Prof. Rudolph 
ViRCHOW, of Berlin. Translated by Dr. T. B. Smith. 
2d Ed. 4 Lithographic Plates. i2mo, cloth, ;f(i.25 

DULLES' ACCIDENTS AND EMERGEN- 
CIES. What To Do First in Accidents and Emer- 
gencies. A Manual Explaining the Treatment of 
Surgical and other Accidents, Poisoning, etc. By 
Charles W. Dulles, m.d.. Surgeon Out-door De- 
partment, Presbyterian Hospital, Philadelphia. Col- 
ored Plate and other Illustrations. 32mo, cloth, .75 

ATTHILL, ON WOMEN. Qinical Lectures on 
Diseases Peculiar to Women. By Lombe Atthill, 
m.d. Fifth Edition, Revised and Enlarged. With 
many Illustrations. 1 2mo, paper covers, . 75 ; clo. , J^ i . 25 



STUDENTS' MANUALS. 



MARSHALL AND SMITH, ON THE URINE. 

The Chemical Analysis of the Urine. By John Mar- 
shall, M.D., Chemical Laboratory, University of Penn- 
sylvania, and Prof. E. F. Smith. Illus. Cloth, ;^i oo 

MEARS' PRACTICAL SURGERY. Surgical 
Dressings, Bandaging, Ligation, Amputation, etc. By 
J. EwiNG Mears, M.D., Demonstrator of Surgery, in 
Jefferson Med. College. 227 Illus. i2mo, cloth, ;^2.oo 

BENTLEY*S BOTANY. Student's Guide to Struc- 
tural. Morphological and Physiological Botany. By 
Prof. Robert Bentley. 660 Illustrations. In Press. 

BLOXAM'S LABORATORY TEACHINGS. 
Progressive Exercises in Practical .Chemistry. By Prof. 
C. L. Bloxam. 89 Illustrations. i2mo, cloth, I1.75 

TYSON, ON THE CELL DOCTRINE; its His- 
tory and Present State. By Prof. James Tyson, m.d. 
Second Edition. Illustrated. i2mo, cloth, ;^2.oo 

MEADOWS' MIDWIFERY. A Manual for Stu- 
dents. By Alfred Mfadows, m.d. From Fourth 
London Edition. 145 Illustrations. 8vo, cloth, ;f(2.oo 

WYTHE'S DOSE AND SYMPTOM BOOK. 
Containing the Doses and Uses of all the principal 
Articles of the Materia Medica, etc. Eleventh Edi- 
tion. 32mo, cloth, ^i.oo; pocket-book style, ^1.25 

PHYSICIAN'S PRESCRIPTION BOOK. Con- 
taining Lists of Terms, Phrases, Contractions and 
Abbreviations used in Prescriptions, Explanatory Notes, 
Grammatical Construction of Prescriptions, etc., etc. 
By Prof. Jonathan Pereira, m.d. Sixteenth Edi- 
tion. 32mo, cloth, ;^i.oo; pocket-book style, $1.25 

POCKET LEXICONS 

CLEAVELAND'S POCKET MEDICAL LEXI- 
CON. A Medical Lexicon, containing correct Pro- 
nunciation and Detinition of Terms used in Medi- 
cine and the Collateral Sciences. Thirtieth Edition. 
Very small pocket size. 

Cloth, 75 cents; pocket-book style, ;^i.oo 

LONGLEY'S POCKET DICTIONARY. The 
Student's Medical Lexicon, giving Definition and Pro- 
nunciation of all Terms used in Medicine, with an 
Appendix giving Poisons and Their Antidotes, Abbre- 
viations used in Prescriptions, Metric Scale of Doses, 
etc. 24mo, cloth, $1.00; pocket-book style, Jii.25 



STANDARD TEXT-BOOKS, 

AND WORKS FOR REFERENCE. 



BLOXAM'S CHEMISTRY. Inoi|;anic and Otsanic, with Ex- 
periments. Fifth Eklition. RevisccTand Illustrated. 

8vo, cloth, 14.00; leather. $sjoo 
BYPORD ON THE DISEASES OP WOMEN. Third Edi- 
tion. Rewritten and Enlarged, with New Illustrations. 

8vo: cloth, $5.00; Leather, i6.oo 
CARPENTER ON THE MICROSCOPE and Its Revelations. 
Sixth Edition, £nlar:^ed. With 500 Illustrations and Colored 
Plates, handsomely printed. Demi 8vo, cloth, $5.50 

CAZEAUX & TARNIER, OBSTETRICS. Including the 
Diseases of Preenancy and Parturition. Sixth American Edi- 
tion, lithographic Puttes and 175 Wood Engravinss. 

8vo, cloth, ^.00; leather, ir.oo 
CLAY, OBSTETRIC SURGERY. DescnpUons of the Diffi- 
cult as well as every-day operations. Illustrated. I2.00 
DAQUENET, OPHTHALMOSCOPY for the use of students. 

Illustrated. z2mo, cloth, $1.50 

DAY ON CHILDREN. A Practical and Systematic Handbook 

for Students. 2d Edition, Enlarged. Cloth, $5.00 ; leather, |6.oo 

DRUITT'S SURGERY. A Manual of Modem Surgery. Elev- 
enth London Edition. 369 Illustrations. Demi 8vo, cloUi, $5.00 

FLOWER, DIAGRAMS OP THE NERVES of the Human 
Body, Origin, Divisions, Connections, etc. 410. Cloth, ^3.50 

PULTON'S PHYSIOLOGY. A Text-book for Students. Sec- 
ond Edition, Revised. Illustrated. 8vo, cloth, I4..00 

GALLABIN'S MIDWIFERY. A Manual for Students. Illus- 
trated. /« Preparatiam, 

GIBBES* HISTOLOGY AND PATHOLOGY. 2d Edition. 

Cloth, $2.00 

GLISAN'S MODERN MIDWIFERY. A Text-book. 129 
Illustrations. 8vo, cloth, $4.00; leather, $5.00 

HOLDEN'S ANATOMY and Manual of Dissectiohs of the 
Human Body. Fourth Eklition. Illustrated. 8vo, cloth, 15.50 

HOLD EN'S OSTEOLOGY. A Description of the Bones, with 
Colored Delineations of the Attachments of the Muscles. Sixth 
Edition. 6z Lithographic Plates and many Wood Engravings. 

Royal Bvo, cloth, £6.00 

HEATH'S PRACTICAL ANATOMY and Manual of Dissec- 
tions. Fifth Edition. 24 Colored Plates and nearly 300 other 
Illustrations. Demi 8vo, cloth, $5.00 

HEWITT'S DISEASES OP WOMEN. Diagnosis, Path- 
ology. and Treatment ; including the Diagnosis of Pregnancy. 
Fourth American Edition. Illustrated, i Vol., 750 pages. 

8vo, paper cover, $1.50 ; cloth, *2.5o ; leather, $3.50 

HEADLAND, THE ACTION OF MEDICINE iu the System. 
Ninth American Edition. 8vo, cloth, $3.00 

KIRKE'S PHYSIOLOGY. A Handbook for Students. Tenth 
Edition. 420 Illustrations. Demi Bvo, cloth, $5.00 

MACKENZIE ON THE THROAT AND NOSE. Vol. I ; 
includii^ the Pharynx, Larynx, Trachea, etc. 112 Illustrations. 
A'iTM; Ready. Cloth, $4.00; leather, ^5. 00 

Vol. II. The CEsophagus, Nasal Cavities, Neck. etc. Illus- 
trated. In Preparation. 



STANDARD TEXT-BOOKS. 



MANN'S PSYCHOLOGICAI. MEDICINE and Allied Ner- 
vous Diseases ; including the Medico-Legal Aspects of Insanity. 
With Illustrations. 8vo. Jn Press. 

MACNAMARA ON THE EYE. A Manual for Students and 
Physicians. Illustrated. Demi 8vo, cloth, 1^4.00 

MEIGS AND PEPPER ON CHILDREN. A Practical Trea- 
tise on Diseases of Children. Seventh Edition, Revised. 

8vo, cloth, ^.00 ; leather, $7.00 

PARKES' PRACTICAL HYGIENE. Sixth Revised and En- 
larged Edition. Illustrated. 8vo, cloth, £6.00 

PROCTER'S PRACTICAL PHARMACY. 2d Ed. Clo.,|4.50 

RIGBY'S OBSTETRIC MEMORANDA. 32mo, cloth, .50 

SANDERSON & FOSTER'S PHYSIOLOGICAL LABOR- 
ATORY. A Handbook for the Laboratory. Over 350 Illustra- 
tions. 8vo, cloth. $5.00 ; leather, ^.oo 

WILSON'S HUMAN ANATOMY. General and Special. 
Tenth Edition. 26 Colored Plates and 424 Illustrations. 

Demi 8vo, cloth, $6.00 

WOODMAN & TIDY'S MEDICAL JURISPRUDENCE 
and Toxicology. Colored Plates and other Illustrations. 

Cloth, $7.50; sheep, $8.50 

WYTHE'S MICROSCOPIST. A Manual 0/ Microscopy and 
Compend of the Microscopic Sciences. Fourth Edition. 252 
Illustrations. 8vo, cloth, $3.00; leather, $4.00 

YEO'S PHYSIOLOGY. A Manual for Junior Students. In Press. 

Books for Bef erence and Collateral Beading. 



AITKEN, THE SCIENCE AND PRACTICE OP MEDI- 
CINE. A New (Seventh) Edition. 2 Vols. 

8vo, cloth, ^i2.oo; leather, $1^.00 

ACTON, ON THE REPRODUCTIVE ORGANS. Their 
Functions, Disorders and Treatment. 6th Edition. Cloth, $2.00 

BEALE, SLIGHT AILMENTS. Their Nature and Treatment. 

2d Enlarged Edition. 8vo, paper covers, .75; cloth, Ci. 2 5 

DUNGLISON'S PRACTITIONER'S REFERENCE BOOK 

Fourth Edition, Enlarged. 8vo, cloth, $3.50 

FENNER, ON VISION. Its Optical Defects and the Adaptation 

of Spectacles. 2d Edition, Enlarged. lUus. 8vo., cloth, $3.50 

FOTHERGILL, ON THE HEART. Its Diseases and their 
Treatment Second Edition. 8vo, cloth, $3.50 

HARLEY ON THE LIVER. Diagnosis and Treatment. Col- 
ored Plates and other Illustrations. 8vo, cloth, $5.00 ; sheep, j^.oo 

MORTON, REFRACTION OP THE EYE. Its Diagnosis 
and the Correction of Its Errors. z2mo, cloth, j|i.oo 

SUTTON'S VOLUMETRIC ANALYSIS. A Handbook for 
the Quantitative Estimation of Chemical Substances. Fourth 
Edition. Illustrated. 8vo, cloth, fo.oo 

TYSON ON BRIGHT'S DISEASE AND DIABETES. Col- 
ored Plates and other Illustrations. 8vo, cloth, $3.50 

WOOD'S (H. C. Jr.)BRAIN.WORK AND OVERWORK. 

32mo, paper covers, .30; cloth, .50 

WILKS' PATHOLOGICAL ANATOMY. Second Edition. 

8vo, dolh, |6.oo 



ROBERTS' PRACTICE OF MEDICINE. 

Recommended a* a Text-book at University of Pennsylvania, 

Lon^ Island College Hospital, Yale and Harvard Colleges, 

Bishop's College, Montreal, University of Michigan, and 

over twenty other Medical Schools. 

A HANDBOOK OF THE THEORY AND PRACTICE OF 
MEDICINE. By Frederick T. Roberts, m.d., m.r.c.p.. 
Assistant Professor and Teacher of Clinical Medicine in Uni- 
versity College Hospital, London, Assistant Physician in Bromp- 
ton Consumptive Hospital. Third Edition. Octavo. 

CIiOTH, $5.00 ; IiEATHEB, $6.00. 

"A clear, yet concise, scientific and practical work. It is a capi- 
tal compendium of the classified knowledge of the subject." — Prof, 
y. Adams Allen, Rush Medical College, Chicago. 

*' I have become thoroughly convinced of its great value, and 
have cordially recommended it to my class in Yale College." — 
Prof. David P. Smith. 

** I have examined it with some care, and think it a good book, 
and shall take pleasure in mentioning it among the works which 
may properly be put in the hands of students/' — A. B. Palmer, 
M.D., Prof, of tke Practice of Medicine, University, of Michi- 
gan, Ann Arbor, Michigan. 

** It is unsurpassed by any work that has fallen into our hands, 
as a compendium for students preparing for examination. It is 
thoroughly practical, and fully up to the times." — The Clinic. 

"Our opinion of it is one of almost unqualified praise. The 
style is clear, and the amount of useful and, indeed, indispensable 
information which it contains is marvelous.*' — Boston Medical and 
Surgical journal. 

RIDDLE'S MATERIA MEDICA. 

Ninth Rbvisbd Edition. 

Recommended as a Text-book at Yale College, University of 

Michigan, College of Physicians and Surgeons, Baltimore, 

Baltimore Medical College^ Louisville Medical College, 

and a number of other Colleges throughout the U, S. 

BIDDLE'S MATERIA MEDICA. For the Use of Students and 
Physicians. By the late Prof. John B. Biddle, m.d.. Profes- 
sor of Materia Medica in Jefferson Medical College, Philadelphia. 
The Ninth Edition, thoroughly revised, and in many parts re- 
written, by his son, Clement Biddlb, m.d.. Past Assistant 
Surgeon, U. S. Navy, assisted by Henry Morris, m.d. 

CIiOTH, $4.00 : IiEATHEB, $4.76. 

"I shall unhesitatingly recommend it (the 9th Edition) to my 
students at the Bellbvux Hospital Medical College. — Prqf. 
A. A. Smith, New York, June, 1883. 

** The standard ' Materia Medica with a large number of medi- 
cal students is Biddle's." — Buffalo Medical and Surgical journal. 

"The larger works usually recommended as text-books in our 
medical schools are too voluminous for convenient use. This work 
will be found to contain in a condensed form all that is most valuable, 
and will supply students with a reliable guide." — Chicago Medical 
ydumal. 

*«*This Ninth Edition contains all the additions and changes in 
the U. S. Pharmacopoeia, Sixth Revision. 



4^An Encyclopjidia of Medical KNOwi.BOGB.'^t 

INDEX OF DISEASES; 

WITH TREATMENT AND FORMULAE. 

By THOS. HAWKES TANNER, M.D. 

REVISED AND ENLARGED BY DR. BROADBENT. 

Octavo, Oloth. Price $3.00. 

*** The worth of a work of this kind, by so eminent a professor 
as Dr. Tanner, cannot be over-estimated. As an aid to physicians 
and druggists, both in the country and city, it must be invaluable. 
It contains a full list of all diseases, arranged in alphabetical order, 
with list of formulae, and appendix giving points of interest regard- 
ing health resorts, mineral waters, and information about cooking 
and preparing food, etc.. for the invalid and convalescent. The 
page headings are so indexed that the reader is enabled to find 
at once the disease wanted ; its synonyms, classification, varie- 
ties, description, etc., with the course of treatment recommended 
by the best authorities, and is referred, by number, to the several 
prescriptions that have proved most efficacious. These prescrip- 
tions are also arranged so that they can be easily referred to, with 
directions how to use them, when to use them, and what diseases 
they are generally used in treating. The directions for cooking 
foods and preparing poultices, lotions, etc., are very full. The 
work will be found specially useful to students and young physicians. 

RICHTER'S CHEMISTRY, 

A TEXT-BOOK of INORGANIC CHEMISTRY for STUDENTS. 

By PROP. VICTOR von RICHTER, 

University of BreslaUy 
Authorized Translation from thb Third German Edition, 

By EDGAR P. SMITH, M.A., Ph.D., 

Professor of Chemistry in Wittenberr ColUg^e, S^riiu^field^ Ohio: 
jomierljf in the Laboratories of the Unrverstty ttf Pennsyl- 
vania: Member of the Chemical Society of Berlin, 

12mo. 89 Wood-cuts and Coi. Lithographic Plate of Spectra. $2.00 

In the chemical text-books of the present day, one of the striking 
features and difficulties we have to contend with is the separate 
presentation of the theories and facts of the science. These are 
usually taught apart, as if entirely independent of each other, and 
those experienced in teaching the subject know only too well the 
trouble encountered in attempting to get the student properly in- 
terested in the science and in bringing him to a clear comprehension 
of the same. In this work of Prof, von Richter, whidi has been 
received abroad with such hearty welcome, two editions having 
been rapidly disposed of, theory and fact are brought close together, 
and their intimate relation clearly shown. From careful observa- 
tion of experiments and their results, the student is led to a correct 
understanding of the interesting principles of chemistry. The de- 
scriptions of the various inorganic substances are full, and embody 
the results of the latest discoveries. 

The arrangement of types, size of the book, etc., are such as to 
facilitate its use. 
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VAN HARLINGEN . 

On Skin Diseases. 

WITH COLORED ILLUSTRATIONS. 

HANDBOOK OF THE DISEASES OF THE SKIN, their Diagnosis 
and Treatment. By Arthur Van Harlingen, m.d., Professor of Dis- 
eases of the Skin in the Philadelphia Polyclinic, Consulting Physician to 
the Dispensary for Skin Diseases, etc. Illustrated by colored lithographic 
plates. 

12mo. 284 pages. Cloth, l^rice, $1.78. 



BUCOMMBNDATIONS. 

" It is a most useful compendium of the knowledge to be had at the present time upon the 
important subjects to which it is devoted ; and is in all respects a credit to the well recog- 
nized abilities of its author." — yanies Nevins Hyde, M.D., Professor o/ Skin and Vene- 
real Diseases, Rush Medical College, Chicago. 

" This new handbook is essentially a small encyclopedia of pathology and treatment of 
Skin Diseases, in which the subjects are arranged alphabetically. This arrangement was that 
followed by the late Tilbury Fox, of London, in his handbook, which we believe was re- 
markably successful ; and we have no doubt it will be equally appreciated in the present 
work, which (compendious in form) contains a very complete summary of the present state 
of dermatology. Dr. Van Harlingen's position in the profession, being at present vice- 
president of the American Dermatological Association, which he served as secretary for 
several years, and the high standard of his communications to his department, are sufficient 
to warrant the confidence in his teachings, which is fully sustained by an examination of this 
handbook, which we heartily commend for its brevity, clearness and evident careful prepa- 
ration." — Philadelphia Medical limes, October iBth, 1884. 



RINDFLEISCH. 

The Elements of Pathology. 

A Text-Book in the University of Pennsylvania. 

THE ELEMENTS OF PATHOLOGY. For Students and Physicians. 
By Edward Rindfleisch, m.d.. Professor of Pathological Anatomy in 
the University of Wurzburg. Anthorized translation by William H. 
Mercur, m.d., of Pittsburgh, Pa. Revised by James Tyson, m.d., Pro- 
fessor of General Pathology and Morbid Anatomy in the University of 
Pennsylvania. 

12mo. 263 pages. Cloth, $2.00. 



BEC0M1O2NDATI0NS. 

" The practical views of one of the best of the modern histologists is placed before the 
profession in this admirable work, in a most careful and systematic manner. The author, who 
is one of the leading pathologists, sets forth not only the ground- work in his department, 
but treats and makes clear many of the more difficult points of the study of pathological 
processes. The work is divided into a consideration, y^rj/, of the local outbreak of diseases ; 
second, into the anatomical extension of disease ; thirdly, into the physiological extension 
of disease, and lastly, into an examination of special parts." — The Medical Bulletin. 



F. BIiAKIBTOK*, BQ]^ & CO., FubUshers and Booksellers, 
1012 WALNUT STREET, PHILADELPHIA. 
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«« The standard * Materia Medica * with a large number of medical students 
is Biddle's." — Buffalo Medical and Surgical Journal, 

"The larger works usually recommended as text-books in our medical 
schools are too voluminous for convenient use. This work will be found to 
contain in a condensed form all that is most valuable, and will supply students 
with a reliable guide." — Chicago Medical Journal. 

. ji. jfc Tuiii Ninth Edition contains all the additions and changes in the U. S. 
'ia. Sixth Revision. 
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